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ABSTRACT 
Grass carp (Ctenopharyngodon idellus) is a pond fish in Hong Kong. It is 
also found all over China, especially in the Yang Tze and West rivers. 
The grass carp growth hormone gene has been cloned recently 
(Ho et al., 1989). Total genomic DNA was extracted from the spleen of a grass 
carp and it was enriched with the growth hormone (GH) gene by sizing after Hind 
III digestion. The GH-enriched fraction was ligated with the phage vector Lambda 
gtll and in vitro packaged for the construction of a library. The insert of the 
positive clone was 7.74 kb. By restriction enzyme mapping, the GH gene was found 
to located within a 4.7 kb fragment from the 5'-end of the insert. 
In the present study, the DNA sequence of the entire GH gene was 
determined by subcloning into pUC 18 and the method of primer-walking. The size 
of the gene sequenced was 3975 bp with 2501 bp being the coding region. Five 
exons and four introns were found which were identified by comparison with the 
grass carp GH cDNA sequence. In the 5，-flanking region, two tissue-specific 
elements, the distal growth hormone factor-1 binding sites (dGHFl) and proximal 
growth hormone factor-1 binding sites (pGHFl) were located. In addition, a 
number of putative promoter control elements such as GRE, TRE, CRE, MYO, Sill 
and TATA boxes were also observed. 
• #-li 
Functional analysis of the 5'-flanking (1.22 kb) region was carried out by 
inserting upstream of the reporter gene encoding for chloramphenicol 
acetyltransferase (CAT). Deletion mutants of the 5'-flanking region were generated 
by nested-deletion. The series of deletion mutants and the original reporter plasmid 
carrying the entire 5'-flanking region (pGHCAT) were transfected into pituitary 
(GHO and non-pituitary cell lines (Cos-7, HepG2 and FSF) for identification of 
functional promoter control elements. pGHCAT conferred CAT activity in GHt cell 
lines but not in Cos-7, HepG2 or FSF. On the other hand, the deletion mutants 
carrying as few as 200 bp of the 5'-flanking sequences (p221GHCAT and 
pll5GHCAT) conferred CAT activity in the non-pituitary Cos-7 cell line. 
These results may suggest that the tissue-specific factor responsible for GH 
expression is evolutionarily conserved since the 5,-flanking region of the grass carp 
growth hormone gene was active in the rat pituitary cell line (GE{). The CAT 
activity of the deletion mutants in non-pituitary cell line suggests that some promoter 
control elements responsible for the suppression of GH gene expression in 
non-pituitary cells reside between -1220 and -1077 of the grass carp GH gene. 
• • • ill 
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1.1 Physiology of growth 
Growth is a complex phenomenon that involves maturational changes, 
accretion of protein and increases in length and size. Increase in weight cannot be 
used as the sole reference because it may only due to the formation of fat or 
retention of salt and water. 
Postnatal growth is a result of an interplay of different factors including 
genetic, nutritional and hormonal. While genetic factors can influence the final 
height, the most important extrinsic factor affecting growth is food supply. The diet 
must be sufficient in terms of caloric content, protein content, essential vitamins and 
minerals if growth is not to be limited. 
On the other hand, hormones are the most important intrinsic factors that 
affect growth.1 Growth hormone (GH), as suggested by its name, promotes the 
growth of an organism…Other hormones such as androgens, estrogen, thyroid 
hormone, insulin and glucocorticoid also function to affect growth. 
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There are only two periods of rapid growth in human. First in infancy and 
second, in puberty. The cessation of growth after puberty is due to the actions of 
androgens and estrogens. They terminate growth by causing the epiphyses to fuse 
to the long bone. However, before epiphyseal closure, these hormones do stimulate 
growth. The action of thyroid hormone is permissive to that of GH because thyroid 
hormone and GH together can stimulate growth in hypophysectomized animals to a 
greater extent than GH alone. Other effects of thyroid hormone includes ossification 
of cartilage, growth of teeth, determination of the contours of the face and the 
proportions of the body. Insulin alone can promote growth in hypophysectomized 
animals provided that large amounts of proteins and carbohydrates are supplied in 
the diet with the insulin. Glucocorticoids are potent inhibitors of growth because it 
inhibits protein synthesis and increases protein catabolism. 
Although growth is being controlled by a number of different hormones, GH 
is nevertheless the most important one. Elucidation of the underlying mechanism 
responsible for growth hormone gene regulation may help to establish a clear picture 
of the interplay of factors that affect growth at the molecular level. 
1.2 The anterior pituitary 
The anterior pituitary originates from the Rathke's pouch. This structure 
appears at embryonic day 8.5 of the mouse. It is an ectodermal evagination of the 
roof the pharynx. By embryonic day 12, Rathke's pouch detaches from the oral 
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epithelium and migrates to join an outpouching of the third ventricle ( the 
neurohypophysis). The ventral epithelium of the Rathke's pouch becomes the 
anterior pituitary whereas the dorsal epithelium forms the intermediate lobe of the 
pituitary. 
There are five major types of cells in the anterior pituitary: somatotrophs, 
which secretes GH; lactotrophs, which secrete prolactin (PRL); thyrotrophs, which 
secrete thyroid-stimulating hormone (TSH); gonadotrophs, which secretes both 
luteinizing hormone (LH) and follicle stimulating hormone (FSH) ； and 
corticotrophs, which secrete both adrenocorticotropic hormone (ACTH) and 
JHipotropin (B-LPH). 
Although GH, PRL, TSH, LH, FSH, ACTH and B-LPH are all produced 
from the anterior pituitary, they serve a variety of functions in different parts of the 




Principle actions of anterior pituitary hormones 
Hormones Actions 
Growth hormone (GH) Accelerate body growth 
Prolactin (PRL) Stimulate milk secretion and 
mammary gland development 
Thyroid-stimulating hormone Stimulate thyroid hormone 
(TSH) secretion and growth 
1 Luteinizing hormone (LH) Stimulate ovulation and 
luteinization of ovarian follicles 
in female and stimulate 
testosterone secretion in male 
Follicle stimulating hormone Stimulate ovarian follicle growth 
(FSH) in female and stimulate 
spermatogenesis in male 
Adrenocorticotropic hormone Stimulate adrenocortical • 
(ACTH) hormone secretion and growth 
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1.3 Chemistry of GH and the GH gene family 
Growth hormone (GH) or somatotropin is specifically expressed by the 
somatotrophs of the anterior pituitary. GH is a simple polypeptide hormone 
consisting of about 191-199 amino acid residues and varies considerably in structure 
from species to species (Papkoff et al., 1982). It is characterized by having a high 
leucine content, two disulfide bridges. In human, the major GH (90%) of the 
pituitary has a molecular weight of approximately 22,000 kD and 191 amino acid 
residues. The remaining 10% has a molecular weight of about 20,000 kD and lacks 
amino acid residues 32 to 46. Both of the 22kD and 20kD GH are derived from the 
same gene and are biologically active. The pre-GH (28kD) is also secreted but has 
no physiological significance. 
The human chorionic somatomammotropin (hCS) genes show close 
resemblance to the human GH gene in the 5'-flanking region, coding region as well 
as the immediate 3'-flanking region. They are believed to belong to a gene family 
in which the common ancestor duplicates to give rise to a number of closely 
resemble genes. The human GH gene family was found to locate on a 50 kb region 
of chromosome 17 in the order: 5' hGH-l/hCS-5/hCS-l/hGH-2/hCS-2 3， 
(Barsh et al., 1983). 
Despite of their resemblance, these are expressed in a highly tissue- and 
cell-specific manner. hGH-1 is synthesized exclusively in the somatotrophs of the 
7 
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anterior pituitary gland where as hGH-2, hCS-1, hCS-2 and hCS-5 are expressed in 
the syncytial trophoblast cells of the, placenta. Although the function of hCS is not 
clear, they are thought to play a role in fetal growth, lactogenesis, stimulation of the 
corpus luteum, carbohydrate and lipid metabolism (Chard et al., 1979). 
Human prolactin, which is also produced by the anterior pituitary, is another 
member of the GH gene family. Its 5，-flanking region is highly similar (60-70%) 
to that of the GH gene (Karin et al., 1990). 
1.4 Biochemical effects and mode of action of GH 
One of the effects of GH is the promotion of linear growth mediated by 
somatomedins. GH can stimulate growth in young animals in which the epiphyses 
have not yet fused to the long bones by accelerating chondrogenesis. In this way, 
the cartilaginous epiphyseal plates become widen and more matrix is laid down at 
the ends of the long bones and as a result stature is increased. 
"Tibia assay" is a bioassay for GH in which the increase in width of the tibial 
epiphyseal plate in hypophysectomized rats is measured in relationship to the potency 
of the GH sample. 
Abnormal secretion of GH leads to a number of defects in growth. Elevated 
GH production before epiphyseal closure causes giantism. After epiphyseal closure, 
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it leads to the enlargement and deformities of soft bone and tissues, the size of most 
of the viscera is also increased. This phenomenon is known as acromegaly. On the 
other hand, insufficient GH production during childhood leads to dwarfism. 
GH exerts a 'protein-sparing' effect on protein metabolism. It increases 
protein synthesis which is mediated by somatomedins, by enhancing amino acid 
uptake and accelerating transcription and translation. Additionally, GH decreases 
protein catabolism by mobilization of fat. 
GH also affects carbohydrate metabolism. It is diabetogenic because it 
increases hepatic glucose output, decreases carbohydrate utilization and exerts 
anti-insulin effects in muscle by impairing glucose uptake. These lead to glucose 
intolerance which stimulates insulin secretion. In this way, GH indirectly stimulate 
secretion of insulin which also has protein anabolic effect and promotes growth. 
GH is ketogenic because during mobilization of fat. It causes release of fatty 
acids from adipose tissue and enhances the conversion of fatty acids to acetyl-CoA. 
The growth-promoting effects and protein metabolism caused by GH are 
mediated by a family of small polypeptides known as somatomedins. They are 




The principle circulating somatomedins are insulin-like growth factor I 
(IGF-1) and II (IGF-II). IGF-1 has growth-promoting effects and its secretion is 
stimulated by GH. Secretion of IGF-II is less affected by GH and may be 
responsible for fetal growth before birth. Other somatomedins includes: nerve 
growth factor (NGF), epidermal growth factor (EGF), ovarian growth factor (OGF), 
fibroblast growth factor (FGF) and platelet-derived growth factor (PDGF). 
1.5 Control of GH at cellular level 
In addition to the hormonal effects as described, there are many factors 
affecting the secretion of GH. The neural control of basal GH secretion results in 
irregular，spikes，of GH secretion which is associated with sleep and varied with 
age. The basal plasma level of GH concentration ranges from 0 to 3 ng/ml in 
normal adults and children. The plasma level of GH is higher in infants. Stressful 
stimuli including emotional, physical and chemical stress can also increase GH 
secretion. 
The metabolic control of GH secretion is affected by carbohydrate, protein 
and fat metabolism. For example, elevated level of free fatty acids or 




Another control of GH secretion is the hypothalamic control. 
Growth-hormone releasing hormone (GHRH) and somatostatin are secreted by the 
hypothalamus into hypophyseal blood vessel. GHRH and somatostatin promotes and 
inhibits GH secretion, respectively. 
Secretion of GH is under a feedback control mechanism. In response to GH 
stimulation, circulating IGF-I increases which exerts two effects in the feedback 
loop. Firstly, IGF-I exerts direct inhibitory effects on GH secretion from anterior 
pituitary. Secondly, IGF-I stimulates secretion of somatostatin from the 
hypothalamus which in turns exerts its inhibitory effect on GH secretion. 
Other hormones in the body also affects GH secretion. Sex hormones 
increase GH responses to stimuli such as insulin, whereas Cortisol inhibits GH 
secretion. 
1.6 Control of GH gene expression at molecular level 
1.6.1 Introduction 
The expression of GH is cell-type specific. It is exclusively produced in the 
somatotrophs of the anterior pituitary. Differential gene expression in differentiated 
and non-differentiated cells is due to protein factors that regulate gene expression at 
different levels. Regulation of gene expression can be achieved by alterations of 
chromatin structure (Goodbourn, 1990) or DNA structure such as histone binding, 
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formation of chromatin loops, demethylation or Z-DNA formation, etc. These 
alterations are thought to affect, either positively or negatively, the binding of 
transcription factors onto cis-acting promoter elements. At transcriptional level, in 
addition to the basic transcription machinery, there are also transcription factors that 
can bind to specific DNA sequences to augment or repress transcription 
(Wasylyk, 1988). Differential splicing of primary transcript is a regulatory step at 
the post-transcriptional level. The rate of translation can be controlled by attenuation 
or the presence of anti-sense RNA in some prokaryotes (H61^ne and Toulm6, 1990). 
In eukaryotes, post-translational modification usually adds different moiety to a 
newly synthesized protein by glycosylation and phosphorylation. This kind of 
modification sometimes switches a protein from the inactive to the active state 
(Berk et al., 1989). 
For a given protein, at least some of the above regulatory mechanisms 
function in combinations so that the quantity, activity, temporal and spatial 
distribution of a protein is controlled. 
Transcriptional regulation is the most important level of regulation and is 
responsible for the tissue- or cell type-specific expression of a protein. A protein is 
tissue- or cell type-specific when its expression is activated in a given tissue or cell 
type but its expression in other tissues or cell types are repressed. Activation and 
repression of protein expression at the level of transcription is brought about by the 
interactions between cis-acting DNA sequences and trans-acting transcription factors. 
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) Introduction 
The cis-acting DNA sequences usually reside at the 5'-flanking sequences of a gene. 
However, the intron sequences and the 3'-flanking sequences sometimes are also 
involved. The DNA-protein interaction is DNA-sequence specific. A given 
transcription factor only recognizes a consensus sequences that it is familiar with. 
In addition to specific DNA-protein interaction, there are also protein-protein 
interactions. The protein-protein interactions occur between the DNA-bound factor 
and the basic transcription machinery (TFII A, B, D and E) or between DNA-bound 
factors themselves. By such interactions, even cis-acting elements located distantly 
relative to each other can exert their regulatory functions. 
Several methods are commonly employed during the identification and 
characterization of transcription factors. 
By the gel-mobility shift assay, specific protein-DNA complex is detected by 
a decrease in mobility relative to unbound DNA. Cell extracts is allowed to bind 
with a radioactively-labelled oligonucleotide. The mixture is. separated on a 
non-denaturing polyacrylamide gel. Presence of any protein-DNA complex is 
observed as a retarded band on the autoradiogram. 
Footprinting assay is a technique used for the determination of the general 
nucleotide boundary of the protein-bound DNA. Cell extracts are incubated with 
end-labelled oligonucleotides and partially digested with DNAse I or Exonuclease m 
or modified by dimethylsulphate. The partially digested nucleotide is resolved on 
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a denaturing polyacrylamide gel. The presence of a sequence-specific binding 
protein leaves an imprint (i.e. missing bands) on the autoradiogram. 
Methylation interference assay determines the contact points between a 
protein and DNA sequences more precisely. End-labelled oligonucleotides are 
partially methylated with dimethylsulfate and used in binding reaction with cell 
extracts. The samples are separated on a non-denaturing polyacrylamide gel into 
bound and free oligos. The protein-bound and free oligos were purified and cleaved 
separately using piperidine. The products were analyzed on denaturing 
polyacrylamide gel. When the tracks for protein-bound and free DNA were 
compared, guanidine residues that are essential for the protein-DNA interaction will 
be missing on the autoradiogram. 
— The above methods have been used in the study of the human or rat GH 
gene. These two genes are studied most extensively among different species of GH 
gene. In the following section, these genes will be used to illustrate our present 
knowledge on the regulation of GH gene expression at the transcriptional level. The 
location of the control elements and trans-acting factors of the human GH gene are 
shown in Table 1.2 and Fig. 1.1 and that of the rat GH gene are shown in Table 1.3 




A table showing the control elements and corresponding 
transcription factors of the human GH gene. Palindromic sequences 
are underlined.，？，indicates unidentified transcription factor. 
，*，： The DNA sequence critical for DNA-specific binding is shown in 
brackets. The figure gives only an estimation of the binding sites. 
Control 
e lements 
of human Factor Binding s i t e Ref• 
GH gene 
dGHFl GHF1 - 1 3 0 / - 1 0 5 Lefevre e t 
( -118 TTA TCC AT -111) a l . , 1987 
pGHFl GHF1 - 9 2 / - 6 5 Lefevre e t 
( -86 ATG CATAA -79) a l . , 1987 
GHF2 Spl - 1 4 0 / - 1 1 5 Lemaigre e t 
a l . , 1990; 
Tansey e t 
‘ a l ” 1991 
GHF3 USF - 2 6 7 / - 2 5 6 Lemaigre e t 
^ a l ” 1989 
GHF3d NF1 - 2 8 9 / - 2 6 7 Courtois e t 
a l . , 1991 
IRE1 IRE b ind ing - 2 9 0 / - 2 6 4 Prager e t 
p r o t e i n a l . , 1991 
IRE2 IRE b ind ing - 2 7 3 / - 2 5 2 Prager e t 
p r o t e i n a l . t 1991 
Element I ？ - 2 7 9 / - 2 3 5 P e r i t z e t 
a l . , 1988 
Element I I ？ - 3 0 8 / - 2 7 9 P e r i t z e t 
^ a l , , 1988 
GRE GR +87/+113 ( f i r s t intron) 
(CCTTTGGGCACAATGTGTCCTGAGGGG) 
- 2 6 4 / - 2 5 0 and - 1 1 1 / - 9 7 Treacy 















































































































A table showing the control elements and corresponding 
transcription factors of the rat GH gene. Palindromic sequences are 
underlined.，？，indicates unidentified transcription factors. * : The 
DNA sequence critical for DNA-specific binding is shown in brackets. 
The figure gives only an estimation of the binding sites. 
Contro l 
e l ement s 
of r a t F a c t o r s Binding s i t e * Ref . 
GH gene 
pGHFl GHFl 一 137 / -107 Ye e t a l . , 
( -125 AATTATCCAT -115) 1988 
dGHFl GHFl - 9 5 / - 6 5 Ye e七 a l ” 
( -88 ATGAATAAAT -79 ) 1988 
GHF2 Spl - 1 4 7 / - 1 2 9 Schaufe le 
( -140 TGGGAGGAGC ^132) e t a l . , 
1990 
GHF3 ？ - 2 3 9 / - 2 1 9 Schaufe le 
e t a l . , 
1990b 
GHF4 ？ - 2 1 8 / - 1 9 8 Schaufe le 
e t a l . / 
1990b 
GHF5 d i s t a l and proximal GHFl b inding Schaufe le 
s i t e e t a l • • 
1990c 
6 H F 7 d i s t a l and proximal GHFl b inding Schaufe le 
s i t e e t a l ” 
1990c 
TRE TR - 2 0 8 / - 1 7 8 (promoter) Crew e t 
( -203 AAAGGCGGCGGTGGAAA -187) a l . , 1986 
1343/1387 ( t h i r d in tron) Sap e t 
' a l . , 1990 
nTRE TR - 2 5 / - 1 6 ^ ^ i ^ n 
a l « , 1990 
S i l l SBP1 - 3 2 4 / - 2 9 7 R?Y ^ q q o 





of r a t Factors Binding s i t e * Ref . 
6H gene 
S i l 2 ？ - 5 3 9 / - 5 1 6 Roy e t 
a l . , 1992 
PRE PREB - 1 6 9 / - 1 5 2 Pan e t 
( -169 GACCGCAGGAGAGCAGTG -152) a l . , 1990 
DRE ？ - 3 0 7 / - 2 4 4 Pan e t 
a l . , 1990 
Larsen e t 

























































































































1.6.2 Tissue-specific expression of GH gene 
1.6,2.1 Tissue-specific transcription factors of pituitary cells 
Growth hormone factor 1 (GHF1) 
Tissue-specific expression of a given gene in differentiated cells has long been 
an interesting problem and attracts much investigation. It is suggested that 
tissue-specific expression of a gene involves activation of the gene in a expressing 
cell type and repression of the gene in non-expressing cell types. In this section, the 
tissue-specific activation of GH in somatotroph will be discussed. 
Based on the hypothesis that cell-specific promoter elements are recognised 
by transcription factors which are present or active only in that particular type of 
cell, the 5,-flanking sequences of the GH gene was studied by the method of gene 
transfer using pituitary cell lines. Regions of the 5，-flanking sequences conferring 
cell specificity was located and the corresponding transcription factor was also 
isolated and characterized. 
The distribution of growth hormone factor 1 (GHF1) or pituitary specific 
factor (Pit-1) is restricted to GH-secreting cells. Cell-specific expression of GH gene 
is conferred in part by this factor. In footprinting experiments, GHF1 protected two 
sites upstream of the GH gene TATA box, a proximal site (pGHFl) and a distal site 
(dGHFl). In human, dGHFl and pGHFl binding sites is located at -130/-105 and 
-92/-65 (relative to transcription start site) respectively (Lefevre et al., 1987). In 
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rat, they are located at -137/-107 and -95/-65 respectively (Ye et al., 1987; 
Ye et al., 1988). 
Lefevere et al. (1987) observed that GHF1 is required for the expression of 
hGH-1 gene in the somatotrophs because mutated dGHFl and pGHFl binding sites 
reduced GHF1 binding which in turn leads to a decrease in gene expression. The 
contribution of dGHFl and pGHFl binding sites to the promoter activity are the 
same and they seem to function in an additive manner. The normal arrangement of 
dGHFl and pGHFl binding sites are required for optimal expression. If the position 
of the distal and proximal sites are inverted, the distal site becomes dispensable. 
When chimeric construct carrying the GH promoter and a reporter gene was 
transacted into pituitary cell lines (GC or GH3), the reporter gene expresses 
efficiently (Levefre et al., 1987). When the construct was transfected into 
non-pituitary cell lines such as HeLa cells, only a very low level of transcription of 
the reporter gene was observed. The GH promoter activity in transfected HeLa cells 
is approximately 0.5% of that in GC cells (Levefre et al., 1987). Even after the 
deletion of the dGHFl and pGHFl binding sites, the GH promoter remained inactive 
in transfected HeLa cells (Bodner et al., 1987) because HeLa cells are non-pituitary 
cell lines and lack the tissue-specific transcription factors necessary for the activation 
of the GH promoter. 
In addition, the dGHFl binding site has an apparently lower affinity for 
GHF1 (Bodner and Karin, 1987) because GHF1 is more easily competed out of the 
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dGHFl binding site than the pGHFl binding site. This can be explained by the 
presence of another transcription factor Spl that binds to the proximity of the 
dGHFl binding site. The binding of transcription factor Spl to the GH promoter 
will be discussed later. 
The promoter control element responsible for cell-specific expression of GH 
gene was also mapped by using transgenic animals (Lira et al., 1988). Different 
length of the rat growth hormone (rGH) promoter was linked to the human growth 
hormone (hGH) gene. The construct devoid of vector sequences was microinjected 
into the male pronuclei of fertilized mouse eggs which were then transferred to foster 
mothers. It was found that the sequences between -181/-45 directs hGH gene 
expression in the pituitary of transgenic mice. The region -181/-45 matches with the 
dGHFl and pGHFl binding sites reported by Schaufele et al. (1990b) and Ye et al. 
(1988). Deletion constructs that carry the region -45 or less failed to target gene 
expression at pituitary or other tissues. This rules out the possibility that there are 
any cell-specific signals residing at the introns or the 3，-flanking region of the hGH 
gene. 
Although the -181/-45 sequence directs pituitary-specific gene expression, the 
expression is not somatotroph specific. Expression was also detected in subsets of 
thyrotrophs and lactotrophs. The result suggested that somatotrophs, thyrotrophs and 
lactotrophs may be developmentally related. This is supported partially by the 
identification of a cell type that expresses both GH and PRL during development 
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(Karin et al., 1990). The majority of PRL-secreting cells are derived from this dual 
secretor by direct descent. The remaining population of lactotrophs are derived from 
the acidophilic cells that never express GH. 
When GC cell extracts containing GHF1 was added to HeLa cell extracts, 
transcription from the hGH promoter was observed (Bodner and Karin, 1987). 
Although, GHF1 is a tissue-specific transcription factor, it possesses the ability to 
interact with the basic transcription machinery found in HeLa cells to activate the 
GH promoter. This further proves the tissue-specific action of GHF1. 
Analysis of the amino acid sequence deduced from GHF1 cDNA reveals that 
GHF1 belongs to the family of homeodomain protein (Theill et al., 1989). Like 
many other transcription factors, GHF1 is composed of the trans-activation domain 
at the amino-terminal and the DNA binding homeodomain at the carboxyl-terminal. 
However, GHF1 contains an additional domain, the POU-specific domain in between 
the trans-activation domain and the DNA binding domain. 
The homeodomain of GHF1 is a stretch of 60 amino acid residues 
(209 to 291) which is responsible for sequence-specific DNA binding. The homeotic 
gene family all contain a 180 bp conserved sequence encoding for the 60 amino acid 
residues homeodomain at the carboxyl-terminal. They are first found in genes that 
determine morphogenesis in Drosophila (Gehring etal., 1987). Recently, homeotic 
genes are detected in human, mouse, Drosophila, sea urchin, 
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Caenorhabiditis elegans or even in the most primitive multicellular organism, the 
cnidarians which include jellyfish and fresh water hydra. 
Functions of the homeotic genes is related to the developmental biology of 
an organism. They are responsible for the determination of body segmentation. For 
example in fruit flies, antennae is to be made in the head segment, limbs in the 
thorax and abdomen segments. 
There are six contiguous basic residues near the amino-terminal of the 
homeodomain. Because of their similarity with other nuclear transfer signals, they 
are hypothesized to be nuclear transfer signals. 
The POU-specific domain is first recognised in the pituitary-specific protein 
(Pit-1 or GHF1), the octamer-binding protein (Oct-1), and a nematode protein 
(Unc-86). The POU-domain is therefore designated as a domain common to these 
three transcription factors (Pit-Oct-Unc). In GHF1, the POU-specific domain is 
composed of 75 amino acid and is located between residues 124 and 201. Its role 
is not very clear. Experimental data indicates that the POU-specific domain is 
unlikely to make direct contact with DNA but it may potentiates DNA-binding by 
the homeodomain or increases the DNA-binding specificity of GHF1. It is also 




The third domain is the activation domain at the amino-terminal of GHF1 
between residues 1 and 73. More than 30% of the amino acid residues in this region 
are hydroxylated (i.e. Serine, Threonine and Tyrosine). Only three sparsely spaced 
negatively charged residues and two glutamines are found. This observation is 
interesting since the previously identified prototypes of transactivation domain shares 
no amino acid homology with this domain and carries a high proportion of acidic 
amino acid arranged as an amphipathic a-helix with all the negative charges 
displayed along one side of the helix (Latchman, 1990). This kind of acidic 
activation domain is thought to interact with the TATA box-binding general 
transcription factor (TFIID) and facilitates the binding of other factors (e.g. TFIIA, 
TFHB, TFIIE or TFIIF) and the RNA polymerase II. 
Based on the observations mentioned above, the trans-activation domain of 
GHF1 is likely to represent a new class of activation domain, since it is rich in 
serine and threonine, it was named the STA domain (Ser-Thr rich activation 
domain). Other cell-specific transcription factors such as Oct-2 
(B orT lymphocytes), unc-86 (C. elegan)，MyoDl and Myf-5 (amphibian muscle 
actin) also carries the STA domain. Since the composition of the STA domain is 
similar to the carboxyl-terminal repeat of the largest subunit of RNA polymerase II, 
they may interact with each other directly by hydrogen bonding (Theill, 1989). 
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Growth hormone factor 5 (GHF5) and Growth hormone factor 7 (GHF7) 
In addition to GHFl, two other factors have been reported to interact with 
both dGHFl and pGHFl binding sites of the GH promoter. Growth hormone factor 
5 and growth hormone factor 7 (GHF5 and GHF7) are first identified by the gel 
mobility shift assay (Schaufele et al., 1990c). GHF5 is not tissue-specific, it is 
found in a number of GH non-secreting cells. GHF7 is present only in the rat 
pituitary cell lines (GC). Footprints of GHF7 overlaps with those of GHFl, i.e. the 
dGHFl and pGHFl binding sites. No footprints is observed with GHF5 but only 
three hypersensitive sites around the dGHFl binding site. In contrast to the binding 
of GHFl which require the presence of either dGHFl or pGHFl binding sites, the 
binding of GHF5 and GHF7 factors requires the presence of both of the dGHFl and 
pGHFl binding sites. 
Since GHFl and GHF7 are tissue-specific, it is interesting to determine their 
relative importance in directing tissue-specific expression of the GH gene. Mutations ^ 
that affect GHF7 and GHF5 binding but not GHFl binding to rGH gene was 
transcriptionally deficient. In another promoter mutation in which GHFl binding but 
not GHF7 binding was affected, transcription was also inhibited. This demonstrates 
that both GHFl and GHF7 are important in the expression of the rGH gene. 
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1.6.2.2 Non-tissue specific transcription factors of pituitary cells 
Spl 
As mentioned earlier, there is a transcription factor that binds to the 
neighbourhood of dGHFl binding site and reducing its affinity for GHF1 binding. 
This factor is Spl which is a ubiquitous factor that binds to GC rich DNA 
sequences. 
Spl recognizes the growth hormone footprint 2 (GHF2) of hGH promoter 
-139/-115 (Lemaigre et al., 1989; Lemaigre et al., 1990; Tansey et al., 1991). In 
rat the location of GHF2 is similar to that of hGH gene and is located between 
-147/-129 (Schaufele et al., 1990b). Thus, the dGHFl binding site overlaps with the 
Spl binding site. Mutual exclusive binding of GHF1 and Spl to GH promoter is 
expected (Schaufele et al., 1990b). When the consensus sequence of Spl 
(5，GGGGGG 3，) is compared with GHF2 (5，GGGAGG 3，），an C — A transversion 
in GHF2 is noted. This difference decreases the affinity of Spl for GHF2 three fold 
(Letorsky et al., 1989). The low-affinity Spl site (5，GGGAGG 3') has also been 
found in the promoter of human low density lipoprotein receptor (hLDLR) gene and 
mouse metallothionine I (mMI) gene. In the LDLR gene, the low-affinity Spl site 
is responsible for positive activation of transcription and sterol repression whereas 
in the mMI gene, it is responsible for metal-induction. If the low-affinity site is 
replaced by the high-affinity one (5'GGGCGG 3，)，sterol repression of LDLR and 
metal responsiveness of mMI could no longer be observed. Thus, the low-affinity 
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Spl binding site seems to be necessary for the expression of an inducible gene. For 
the GH gene, it was suggested that Spl binding may be a negative control 
mechanism to inhibit the over-expression of GHF1 (Tansey et al., 1991). 
Other experiments suggested a contradictory function for the mutually 
exclusive binding of GHF1 and Spl. The binding of GHFl and Spl is believed to 
be a，fail-safe，mechanism for GH regulation (Lemaigre et al., 1990). At high 
concentration of GHFl, Spl does not bind. At low concentration of GHFl, Spl 
binds and stimulates transcription to compensate for the decreased GHFl 
concentration. At intermediate concentration of GHFl, Spl can displace GHFl and 
activate transcription. 
In another study (Schaufele et al., 1990b), Schaufele et al. proposed that the 
activation of rGH gene promoter may occur through a multistage mechanism by Spl 
and GHFl because they observed that the structural integrity of the Spl and GHFl 
binding sites is essential for maximal expression of the rGH gene after transfection 
into pituitary cell lines. 
Upstream stimulatory factor (USF) 
By DNase I footprinting and gel mobility shift assay, another footprint was 
located between -290/-257 of hGH promoter, it is known as growth hormone 
footprint 3 (GHF3) (Lemaigre et al., 1989). GHF3 was further divided into 
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GHF3d (distal) and GHF3p (proximal) (Courtois et al.，1990). GHF3p or previously 
known as element II (Peritz et al., .1988) was reported to be recognized by the 
upstream stimulatory factor (USF) which is also known as the major late 
transcription factor (MLTF) or the upstream element factor. 
USF have been identified in HeLa cells and it was shown to interact 
cooperatively with TFIID, which binds to the TATA box, to activate the adenovirus 
major late promoter. Thus, USF may function similarly in the hGH promoter. 
Other targets of USF includes the rat fibrinogen promoter and the metallothionein 
I promoter. A yeast centromere-DNA-binding protein was also found to recognize 
the MLTF-binding sites (Brain et al., 1987). This suggests that USF may have some 
undetermined actions on the hGH promoter. 
AP-2 and NF-1 
In earlier experiments, activation protein 2 (AP2) was assumed to be 
responsible for the GHF3d footprint (Imagawa et al., 1987). Recently, it was shown 
that another transcription factor, nuclear factor 1 (NF-1), also recognizes the GHF3d 
binding site (Courtois et al., 1990). Both AP-2 and NF-1 are ubiquitous and are 
relatively non-tissue specific factors. In hGH promoter, GHF3d contains 
overlapping AP-2 and NF-1 binding sites and their binding is mutually exclusive. 




GHF3d after NF-1 binding is prevented by physical removal. When both AP-2 and 
NF-1 are present, NF-1 interacts preferentially with GHF3d. 
The functional significance of AP-2 and NF-1 binding to hGH was examined 
by Courtois et al. (1990). Removal of solely NF-1 or AP-2 during cell-free 
transcription studies resulted in 40% or 30% decrease in transcription activity, 
respectively. If both NF-1 and AP-2 were removed, transcriptional activity was 
reduced by 50%. Thus, it was suggested that both NF-1 and AP-2 can transactivate 
the hGH promoter. 
Mechanism of transactivation may be inferred from the function of AP-2 and 
NF-1 in their activation of other promoters. In metallothionein I and metallothionein 
HA gene, AP-2 mediates transcriptional activation by phorbol esters and cAMP 
-(Imagawa et al., 1987). Since the action of GHRH on hGH gene expression is also 
cAMP-dependent, AP-2 may function similarly. Retinoic acid was reported to 
stimulate rGH transcription, it also increases the concentration of AP-2 mRNA. 
Thus, AP-2 may be a mediator of hGH gene regulation through retinoic acid. 
NF-1 can interact synergistically with the glucocorticoid receptor (GR) to 
stimulate transcription of the mouse mammary tumour virus (MMTV) promoter 
(Schule et al., 1988; Strahle et al., 1988). Since the hGH promoter also contains 
GRE (Moore et al., 1985), NF-1 may play a similar role in activation as in the 
MMTV promoter. 
I 麵 f ...-
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It is interesting to note that, though AP-2 and NF-1 show no homology in 
their DNA-binding domain, they share a similar trans-activation domain that is 
proline-rich. It is likely that AP-2 and NF-1 share a common mechanism in 
transcriptional activation but whether they are activated or not will depend on 
different stimulatory signals. 
Growth hormone factor 3 (GHF3) 
In rGH promoter, a GHF3 binding site also exists. However, it differs from 
that of hGH promoter both in nucleotide sequences and position. The GHF3 binding 
site of rGH promoter is located between -239/-219 and is recognized by the factor 
GHF3 (Schaufele et al., 1990a). Five DNA-binding complexes (GHF3A, GHF3B, 
GHF3C, GHF3D and GHF3E) have been identified. They share the same 
DNA-binding subunit and two of the complexes have a second subunit in common. 
The DNA-binding complexes were characterized by the diagonal gel mobility shift 
assay. After the multisubunit complexes were separated in one-dimension gel 
mobility shift assay, the first dimension gel was transplanted and separated in a 
second dimension. The diagonal indicates the non-dissociated complex whereas 
signals below the diagonal represents multisubunit complexes which have lost one 
or more subunits. It was proposed that the DNA-binding subunits acting as a 
docking sites for different proteins may increase the plasticity of the promoter during 
transcription if the protein complexes can confer different functions. 
31 
Introduction 
Another related footprints is GHF4. GHF4 binding sites is located between 
-218/-198. Mutations within -218/-198 have little or no effect on rGH promoter 
activity. 
Steroid and thyroxine receptors 
A glucocorticoid response element (GRE) is present in the first intron of hGH 
gene. A GRE-like element was located at the 5'-flanking sequences (-264/-250 and 
-111/-97) of the rGH gene (Treacy et al., 1991). The GRE-like elements were 
shown to function independent of position and orientation. Although the GRE-like 
element at-111/-97 of the rGH gene resides between the dGHFl and pGHFl binding . 
sites, the GRE-like element can function independently when transfected into 
non-pituitary cells. 
The immediate 5，-flanking regions of the rGH promoter has been shown to 
contain a thyroid-response element (TRE) which allows stimulation of transcription 
in the presence of thyroid hormone (L-T3; 3,5,3 '-triiodo-L-thyroxine) 
(Casanoca et at., 1985). The regulatory element was located between -208/-178 
(Crew et al., 1986; Ye et al., 1988) of the rGH promoter. This TRE functions 
independent of orientation and exerts no effect when placed downstream of the 
reporter gene. Ye et al. (1988) showed that both TRE and cell-specific elements of 
the rat GH promoter are required for T3 stimulated expression. It was suggested that 
the T3-receptor complex binds to TRE between -208/-178 which stabilize the 
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protein-DNA interactions of the cell-specific elements to form a more，active, 
transcription complex to enhance the level of gene expression. 
A binding site for T3 was found at the third intron of rGH gene as well. It 
is located between 1348/1387 (Sap et al., 1990). This intron TRE function as a TRE 
when linked to a heterologous promoter. The putative TRE is composed of two 
direct repeats separated by a palindromic sequence. Partial homology 
(5，GGTCA 3') is noted when the TRE in the promoter is compared with the TRE 
in the third intron. 
In the rGH gene, the 10 bp sequence immediately 3，of the TATA box 
(-25/-16) of the promoter is a putative negative TRE (nTRE) (Crone et al., 1990) 
that inhibit transcription in a Independent manner. Both a or B type of T3-receptor 
complex is capable of binding to nTRE. The a subtype of TR differs in both 
sequence and size of the hormone-binding domain at the carboxyl terminal whereas 
the B subtype differs in the transactivation domain at the amino terminal. The 
proximity of nTRE to the TATA box suggests that T3R may interact with the TATA 
box binding factor (TFIID) in the negative regulation of the GH gene. 
Insulin-responsive element binding protein 
The mechanism by which insulin suppresses GH gene expression may also 




insulin-responsive-element (IRE) at the -290/-264 and -273/-252 positions of the 
hGH promoter. They observed that, in non-stimulated Chinese hamster ovary 
(CHO) cells, the insulin-induced DNA-binding protein remains at low level, but 
increases after stimulation by insulin. The DNA-binding factor is ubiquitous but the 
response to insulin stimulation is cell-specific. IRE have been described for a 
number of genes including the rat phosphoenolpyruvate carboxykinase gene (PEPCK) 
(Magnuson et al., 1987)，human glyceraldehyde-3-phosphate dehydrogenase gene 
(Alexander et al., 1988) and mouse amylase genes (Osborn et al., 1988). 
1.6.2,3 Negatively-acting transcription factors of non-pituitary 
cells 
Tissue-specific expression of a given gene may be due to positively-acting 
tissue-specific transcription factors that activate transcription in an expressing cells 
or due to negatively-acting transcription factors that inhibit transcription in 
non-expressing cells. A combination of both mechanisms is also possible. 
Two phenomena support the existence of a repression mechanism for the GH 
gene in non-GH secreting cells. First, GH is synthesized at a rate > 108 fold higher 
in rat pituitary cells than in rat liver cells (Ivarie et al., 1983). Second, when 
pituitary cells (GH3) and fibroblasts are fused to generate a stable hybrid cell line, 
rGH genes that are originally active in GH3 cells are repressed. This process is 
known as extinction. Both observations suggest the involvement of repression 
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because of the large difference of GH expression in pituitary and non-pituitary cells 
and the extinction of GH expression in hybrid cell lines. 
Larsen et al. (1986) first suggested the presence of repressor elements on the 
rGH promoter. 5'-deleted and internal-deleted rGH promoter mutants were 
transfected into pituitary (GC) and non-pituitary (fibroblast, LTK"； monkey kidney 
cells, CV-1) cell lines and expression of the CAT reporter gene was monitored. The 
sequence between -554/-237 is thought to be a repressor elements in non-pituitary 
cell lines because in deletion mutants which lack these sequence, expression of CAT 
gene in LTK" and CV-1 cells is higher. On the other hand, deletion of the same 
sequence has no effect on transfected pituitary cell lines. 
The repressive activity of the 5'-flanking region (-1680/-237) of the rGH 
promoter was investigated by joining it to the upstream region of the mouse 
metallothionein I (mMTI) promoter or herpes simplex virus thymidine kinase 
(HSVtk) promoter. The inserted region can repress the function of mMTI promoter 
when placed in its natural orientation. It represses HSVtk promoter independent of 
orientations. 
In yeast {Saccharomyces cerevisiae)，the gene that specify the mating type is 
regulated by a silencer which is an cis-acting element. The silencer mediates 





heterologous promoter. The rGH promoter 5'-flanking sequence appears to have 
similar properties and k may contain a mammalian silencer element. 
Trippute et al. (1988) have identified a silencer element in the region 
-527/-237 of the rGH gene. The presence of this region represses reporter gene 
expression in non-pituitary L cells and fibroblast x pituitary cell hybrids (PT1CL5) 
but have no effect on pituitary cells (GH4). 
Although the results of Larsen et al. and Tripputi agrees with each other, 
Pan et al. (1990) and Lira et al. (1988) were unable to obtain similar results in other 
non-pituitary cell lines and transgenic mice respectively. 
Proximal repressor element binding protein (PREB) 
Vm et al. (1990) identified the distal repressor element (DRE) at -307/-244 
and proximal repressor element (PRE) at -169/-152 of the 5'-flanking sequence of 
rGH promoter. The DRE corresponds to the silencer element reported by Larsen 
et al. (1986). They observed that deletion of either DRE or PRE does not result in 
increased expression in non-pituitary cell lines. It was suggested that absence of 
DRE or PRE is not sufficient for expression of GH promoter in non-pituitary cells 
because of the absence of GHF1 from non-pituitary cells. In their studies, the 
pituitary cell line GH3 was used. 
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The effect of DRE is serum-dependent. After the transfection of GH3 cells, 
if the cells are incubated in serum-free medium, the effect of DRE can no longer be 
observed, but effect of PRE still persists. Position -169/-152 of the rGH promoter, 
(5’ GCAGG 3，）is critical for the repressor activity of PRE. When it was mutated 
to 5，TACTT 3' by non-conservative transversion, the repressive effect of the 
sequence was lost resulting in a strong increase of expression. It is interesting to 
note that PRE is located just downstream of a strong regulatory element, TRE, and 
upstream of two cell-specific elements dGHFl and pGHFl. PRE may function by 
steric hinderance of factor binding. 
Two distinct proteins are separately involved in binding to double-stranded 
PRE or single-stranded PRE (ssPRE). PRE-binding protein (PREB) binds to 
double-stranded PRE and is found only in rodent non-pituitary cell lines. 
ssPRE-binding protein (ssPREB) binds to the non-coding strand of PRE (ncPRE) and 
is found in both pituitary or non-pituitary cells of rat or human.: 
ssPREB binds to both mutated coding-strand or mutated non-coding strand 
of PRE. The specificity of ssPREB for ncPRE seems to arise from the ability of the 
PRE coding strand to specifically exclude ssPREB binding. This phenomenon is 
known as，reverse specificity' and is a common property of single-stranded DNA 





A polypurine or polypyrimidine stretch of DNA can form a triple-stranded 
form of DNA, the，H-DNA，，which Contains a single stranded loop for protein 
binding. PRE is purine-rich and contains 10 to 12 purine bases. It is possible that 
PRE also forms an H-DNA for the binding of a protein which mediates the 
repressive effect. Examples of other H-DNA repressor elements have also been 
reported in the promoter of c-myc gene and ^-interferon gene. 
NFl-llke silencer binding protein 
Further evidence for the negative regulation of GH expression in non-pituitary 
cells comes from a recent report by Roy et al. (1992). Based on previous findings 
(Tripputi et al., 1988), they have identified the rGH silencer-1 (Sil-1) element at the 
-324/-297 and the silencer-2 (Sil-2) element at the -539/-516 regions of the promoter. 
By linking single, double or quadruple repeats of Sil-1 in front of a reporter 
gene, repression of expression was observed in both pituitary cells (GH4C1) and 
non-pituitary cells (cos-1). When mutated Sil-1 or an unrelated sequence, such as 
Spl, were used, no repression was observed. Since expression in GH4C1 is also 
repressed, the effect of Sil-1 is not cell-specific and other factors may be involved 
in establishing normal expression of GH in pituitary cells. 
Sil-1 binding protein is found in nuclear extracts of the liver and kidney of 
the rat and the liver, kidney, testis and lung of the mouse but not in the pituitary of 
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the rat. The Sil-1 binding protein is also known as the NF-1 like silencer binding 
protein (SBP1) because it shares homology with the NF-1 consensus sequence 
5，TGG^cNNNNNGCCAa 3'. Although the DNA-protein complex of Sil/SBPl is 
not identical in different tissues, the SBP1 binding proteins interact with the same 
nucleotide in the rGH Sil-1 region. 
Repressor activity ofNFl has been observed in human retinol binding protein 
gene (Colantuoni et al., 1987), the 3-hydroxy-3-methylglutaryl-coenzyme A 
reductase gene (Gil et al. 1988) and recently in the human adenovirus type 5 inverted 
terminal repeat (ITR) promoter (Matsumoto et al., 1989). 
1.6,2.4 Theory for tissue-specific GH gene activation 
The requirement of tissue-specific transcription factor GHF1 to activate the 
GH promoter in pituitary cells has been suggested by Karin et al. (1990). GHF1 
together with some unidentified ubiquitous factors activates the GH promoter by 
preventing the formation of nucleosomes in newly replicated GH gene. The rate of 
I …‘ fe 
transcription of the GH hormone promoter is further modulated by the transcription 
factors CAMP binding protein (CBP), glucocorticoid receptor (GR) and thyroid 
hormone receptor (TR). 
In non-pituitary cells, the repression of GH expression may due to the 
repression of the activity or expression of the tissue-specific transcription factor 
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GHF1 (McCormick et al., 1988). Such repression may due to a tissue-specific 
extinguisher (tse). Tissue-specific extinguishers has been reported to be responsible 
for repression of tyrosine aminotransferase gene (Killary et al., 1984) and albumin 
gene (Petit et al., 1986) expression in liver x fibroblasts hybrids. Another mechanism 
responsible for the repression of GH expression is the presence of tissue-specific 
repressor elements in non-pituitary cells (Larsen et al., 1986). 
1.7 Characteristic of growth in fish 
The mechanism that GH enhance growth in fish include greater consumption 
of food and higher ratio of food intake to weight increment or food conversion 
efficiency. Factors limiting food consumption are appetite and voluntary food 
intake. Voluntary food intake is restricted by the capacity of stomach and the rate 
of digestion. Appetite drives a fish to eat and is believed to be controlled by the 
hypothalamus (Markert et al., 1977). In fish as in mammals, GH also stimulates 
lipid mobilization, protein-sparing effect and protein synthesis. 
The growth of fish is flexible and indeterminate. In birds and mammals, 
their bodies reach a maximum size upon full sexual maturity and are usually not 
surpassed at later stage of life. In contrast, fishes become sexually mature when their 
body attain a critical minimal size. They continue to grow as long as they live, 
provided that food supplies are adequate. 
40 
I . ' 
Introduction 
This phenomenon suggests that fishes unlike mammals, which grow rapidly 
during the fetal and pubertal stage but stop after maturity, continues to grow 
throughout their lives. In fish, GH and other hormones exert their effects 
continuously irrespective to age or maturity. Thus, the effect of GH on fish is not 
limited to the developmental stage as in higher animals. 
Studies on the promotion of growth in fish using exogenous fish GH or 
pituitary extracts have been carried out since the fifties (Pickford et al., 1954; 
Pickford et al., 1957;Swift and Pickford 1965; Lewis et al., 1972). GH preparations 
from teleost and elasmobranchs and pituitary homogenate from perch (P. fluviatilis) 
were reported to promote growth in hypophysectomized killifish (F. heteroclitus). 
Promotion of growth was also observed when purified tilapia GH was injected 
into juvenile teleosts S. mossambicus and sockeye salmon (Clarke et al., 1977); when 
Chinook salmon pituitary extracts was injected into goldfish 
(Hampolsky and Hoar, 1954) or coho salmon (Higgs et al., 1978) or when pituitary 




1.8 Objectives of the present study 
The grass carp {Ctenopharyngodon idellus) GH gene has been cloned two 
years ago (Ho et al., 1989). The positive clone was screened from an enriched 
library generated by Hind III digestion of total genomic DNA. The insert of the 
positive clone was about 7.74 kb in length. The GH gene was located to the 
5'-region of the insert. In this study, our objectives are: 
1) To determine the DNA sequence of the grass carp GH gene by 
subcloning and primer-walking; 
2) To determine the potential function of the 5'-flanking region of the 
grass carp GH gene by DNA transfection and 
3) To determine the evolutionary trend of GH by comparing the DNA 
sequence and amino acid , sequence of the grass carp GH gene with 
other vertebrates 
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Materials and methods 
2.1 General techniques 
2.1.1 Preparation of DNA 
2,1.1.1 Minipreparation of DNA 
All experimental techniques used in this project were modified from the book, 
"Molecular cloning: A laboratory manual (2 nd edition)" by Sambrook et al. (1989) 
except otherwise stated. For the preparation of DNA, bacteria was picked from a 
colony and grown in 2 ml LB medium (Luria-Bertani medium, 10 g bacto-tryptone, 
5 g bacto-yeast extract and 10 g NaCl in 1 litre distilled water) containing 50 pg/ml 
ampicillin with overnight shaking at 250 rpm. In the next day, the culture was spun 
down at 13,000 rpm for 2 minutes. The supernatant was discarded and the cell 
pellet was resuspended in 100 /d PI buffer (100 ^g/ml RNase A, 50 mM Tris-HGl, 
10 mM EDTA; pH 8.0). Two hundred ixl P2 buffer (200 mM NaOH, 1% SDS) was 
then added and mixed gently to lyse cells and denature chromosomal and plasmid 
DNA. The mixture was incubated on ice for 5 minutes. Hundred and fifty ^ 14 M 
sodium acetate (pH 5-6) was added and mixed gently by inverting the samples 
several times to neutralize the mixture. Chromosomal DNA was precipitated while 
plasmid DNA remained in the supernatant. The mixture was kept on ice for 
15 minutes and centrifuged at 13,000 rpm for 5 minutes to separate the sodium 
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dodecyl sulfate precipitation. Centrifugation was repeated once to remove the 
remaining precipitates. Plasmid DNA in the supernatant was precipitated by adding 
1 ml ethanol. Samples were kept at -20°C for 20 minutes and spun at 13,000 rpm 
to precipitate DNA. The DNA pellet was washed by 1 ml 70% ethanol and 
centrifuged again. Supernatant was removed and DNA pellet dried under vacuum. 
The pellet was dissolved in 50 /il TE (10 mM Tris-HCl, pH 8.0; 1 mM EDTA, pH 
8.0) or distilled water and quantitated by agarose gel electrophoresis. 
2.1.1.2 Preparation of DNA using Qiagen column 
Qiagen column is an anion-exchange column that contains macroporous silica 
gel covalently coated with a hydrophillic substance to prevent non-specific binding. 
Principle operations of this procedure include adsorption of cell lysate, washing out 
impurities and elution of nucleic acids. 
A 250 ml overnight culture in LB medium with 50 ^g/ml iampicillin was 
centrifuged at 6,000 rpm for 10 minutes. Cell pellet was resuspended in 4 ml 
PI buffer followed by 4 ml P2 buffer and the mixture was incubated at room 
temperature for 5 minutes • Four ml P3 buffer (2.55 M KAc, pH 4.8) was then 
added and mixed with the cell lysate by inverting the sample 5-6 times. The 
potassium dodecyl sulfate precipitate was removed by two successive centrifugation 
at 20,000 rpm for 30 and 10 minutes. The supernatant was split into 2 volume. 
One volume was applied to a pre-equilibrated Qiagen t-100. Equilibration was 
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carried out by addition of 3 ml QBT (750 mM NaCl, 50 mM MOPS, 15% ethanol, 
pH 7.0, 0.15% Triton X-100). The eluted sample was collected for reapplication. 
Impurities was washed out of the column with 10 ml QC buffer (1.0 M NaCl, 
50 mM MOPS, 15% ethanol, pH 7.0) and bound-DNA was eluted with 5 ml QF 
buffer (1.2 M NaCl, 50 mM MOPS, 15% ethanol, pH 8.0). The column could be 
re-equilibrated and the second volume of supernatant applied. In the third cycle, 
eluted supernatant from the first and second time was reapplied to the column. 
Total eluent was pooled and DNA was precipitated by the addition of 
0.7 volumes of isopropanol. The sample was centrifuged at 20,000 rpm at 4°C for 
10 minutes. The DNA pellet was washed with 70% ethanol and dried under 
vacuum. Using this procedure, a Qiagen t-100 column can yield 100 to 250 /xg of 
plasmid DNA. 
2.1.1.3 Preparation of phage DNA 
Plating of bacteriophage lambda 
A E. coli Y1090 overnight culture was prepared by the inoculation of a single 
colony in LB medium containing 50 弘g/ml ampicillin and 0.2% maltose. Maltose 
was used because it induces the maltose operon, which contains the lam B gene 
coding for the lambda receptor. Two hundred /xl E. coli Y1090, 100 /xl 
bacteriophage stock in SM (5.8 g NaCl; 2 g MgS04-7H20; 50 ml 1 M Tris-HCl, pH 
7.5; 2% gelatin in 1 litre distilled water) and 30 /d 1 M MgS04 was mixed and 
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incubated at 37°C for 20 minutes without shaking. MgS04 helps the attachment of 
the phage to E. coli surface. Three ml 0.5% top agarose with 10 mM MgS04 at 
about 50°C was added to the E. co/z-phage mixture and poured onto an agar or 
agarose (if phage DNA needs to be purified) plate. The plate was left at room 
temperature for 5 minutes to allow the solidification of agarose and incubated in an 
inverted position at 42°C overnight. 
Preparation of plate lysates 
After overnight incubation, confluent lysis took place when the bacterial lawn 
was covered by plaques touching each other. Insufficient time of incubation results 
in sub-optimal phage number whereas prolonged incubation results in colonies of 
resistant bacteria which adsorb phage particles and reduce the number of phage 
available for DNA preparation. 一 
Phage particles were removed from the agarose plate by washing with 3.5 ml 
SM with shaking at 4°C for 15 minutes followed by a rinse with 1 ml SM. A drop 
of chloroform was added to the suspension, mixed and vortexed to lyse the bacterial 
cells. Cell debris and pieces of agar was removed by centrifugation at 13,000 rpm 
at 4°C for 10 minutes. 
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Purification of bacteriophage particles 
1 fxl RNase (10 mg/ml) and 1 jxl DNAase (1 mg/ml) was added to the 
suspended phage particles and incubated at 37°C for 1 hour to degrade bacterial 
DNA and RNA. Five M NaCl was added to a final concentration of 1 M to 
dissociate phage particles from bacterial debris and for later precipitation of phage 
particles by PEG. Forty % PEG 6000 was added drop by drop slowly to a final 
concentration of 10%. The mixture was kept on ice for at least 1 hour and 
centrifuged at 9000 rpm, 4°C for 10 minutes to pellet the phage particles. After 
centrifugation, the supernatant was discarded and the phage pellet was resuspended 
in 2 ml SM. The resuspended phage was centrifuged again to remove cell debris. 
Extraction of bacteriophage DNA 
Twenty % SDS was added to the purified phage particles to a final 
concentration of 1% to denature the coat protein. One hundredth volume of 0.5 M 
EDTA (pH 8.0) was added to inhibit the activity of DNase. The mixture was 
incubated at 68°C for 20 minutes to lyse the phage particles. The sample was 
extracted with phenol/chloroform to remove contaminating proteins. Firstly, an 
equal volume of phenol was added, vortexed and centrifuged to denature proteins. 
Secondly, the supernatant was extracted with half volume of phenol and half volume 
of chloroform to denature protein and remove phenol. Lastly, equal volume of 
chloroform was added to the supernatant to extract traces of phenol. To precipitate 
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the phage DNA, 0.1 volume of sodium acetate (pH 7.0) and 2 volumes of ethanol 
was added. The mixture was stored at -20°C overnight or -70°C for 2 hours. Phage 
DNA was collected by centrifugation at 4°C for 10 minutes. The DNA pellet was 
washed with 1 ml 70% ethanol to remove co-precipitated impurities. The 
supernatant was removed and the pellet dried under vacuum. The dried DNA pellet 
was dissolved in water or TE and quantitated by agarose gel electrophoresis. 
2.1.2 Elution of DNA from agarose gel 
DNA was analyzed on agarose gel using TAE buffer (0.004 M Tris-acetate, 
0.001 M EDTA). The block of agarose containing the desired DNA sample was 
excised from the gel. Gel slices weighed less than 0.4 g was placed in a 1.5 ml 
microfuge tube and 3 volumes of Nal stock solution was added. The sample was 
incubated at 55°C for 5 minutes with intermittent shaking to dissolve the gel slice. 
5 glassmilk (BIO 101) was added to the dissolved gel solutions containing 5 
or less DNA. An additional 1 jd glassmilk was added for each 0.5 fig of DNA 
above 5 fig. After addition of glassmilk, the solution was placed on ice for 
5 minutes to allow the DNA molecules to attach to the glassmilk particles. The 
silica matrix with bound DNA was pelleted by centrifugation at high speed for 5 s. 
j The supernatant was discarded and 700 ixl of ice-cold NEW wash solution (NaCl, 
ethanol and water) was used to resuspend the pellet by pipetting up and down. The 
I pellet was washed with NEW Wash three times. DNA was eluted from the 
glassmilk by addition of a volume of TE buffer similar to the volume of glassmilk 
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used. The mixture was then incubated at 55°C for 3 minutes and centrifuged for 
30 s. The supernatant carrying the eluted DNA was transferred to another tube. A 
second elution of DNA from the glassmilk can be performed in the same way. 
2.1.3 Preparation of competence cells and transformation 
Four to five colonies of E. coli JM109 were inoculated into 10 ml SOB 
medium containing 20 mM Mg2+. The culture was shaken overnight at 37°C. In 
the next day, the overnight culture was inoculated into SOB medium (20 g 
bactotryptone, 5 g bacto-yeast extract, 0.5 g NaCl, 10 ml 250 mM KC1 and 5 ml 
2 M MgCy containing 1% of MgCl2 and the culture was shaken at 37°C for 4 hours 
or until O.D. = 1. Three ml culture was required for each lot of competence cell 
(210 ^1). 
Cells were pelleted at 5,000 rpm at 4°C for 5 minutes in pre-cooled 
centrifuged tubes. The cell pellet was resuspended in 10 ml cold TFB 
(10 ml 1 M MES pH 6.3，8.91g MnCl2.4H20, 1.47g CaCl2.2H20, 7.46g KC1, 0.8g 
Hexamminecobalt chloride in 1 litre distilled water) and kept on ice for 10 minutes. 
Cells were pelleted again and the supernatant was removed. The cell pellet was 
resuspended in (200 x n) fA of TFB where n is the number of tubes of competence 
cells to be prepared. (Seven hundred x n) pd DnD (1.53g dithiothreitol, 9ml DMSO, 
lOOfd 1M potassium acetate in 10ml distilled water;filter sterile) was added into the 
centre of the cell suspension. The cell suspension was mixed gently for a few 
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seconds and incubated on ice for 10 minutes. Another 0.7n ixl DnD was added, 
shook for several seconds and kept on ice for 20 minutes. Two hundred and ten id 
aliquots were pipetted into sterile microfuge tubes which had been rinsed with 
distilled water to remove any impurities that is toxic to the competence cells. The 
competence cells can then be snapped freeze in liquid nitrogen and kept at -70°C 
until needed. 
For DNA transformation, a tube of competence cell was removed from -70PC 
and thawed in the palm of the hands. After the cells were thawed, the tube was kept 
on ice for 10 minutes. 5 /il or < 100 ng DNA was added to the competence cells. 
The tube was swirled gently to mix the contents, stored on ice for 45 minutes and 
transferred to 42°C for 2 minutes. The competence cells were then chilled on ice 
for 2 minutes. Eight hundred [xl of SOC (SOB with 20 mM glucose) was added and 
the tubes were shaken gently at 37°C for 45 minutes. Two hundred [A aliquots was 
used for plating on LB agar plates containing 50 [xg/ml ampicillin. 
2.1.4 Ligation of DNA fragments 
About 20 ng of vector sequences and 100 ng of inserts sequences are mixed 
and made up to 7 with distilled water. The mixture was incubated at 45°C for 
5 minutes to melt the adhesive ends. Following incubation at 45°C, the tube was 
chilled at 0°C. One /xl of 10 x ligation buffer (0.5 M Tris-HCl, pH 7.6; 
100 mM MgCl2; 100 mM dithiothreitol and 500 jwg/ml bovine serum albumin 
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(Fraction V;Sigma)), 1 /d 5 mM ATP and 1 /xl T4 DNA ligase (5u//d) were added 
to the reaction mixture, mixed and incubated at 16°C overnight. 
2.1.5 Cell feeding and subculturing 
In this study, Cos-7 (ATCC CRL 1651，SV40 transformed African Green 
monkey kidney cells), HepG2 (ATCC HB 8065, Human hepatocellular carcinoma), 
FSF (foreskin fibroblasts) and GHi (ATCC CCL 82, rat pituitary tumour) were used. 
GHj was initiated from a rat pituitary gland tumour (MtT/W5) of a Wistar-Furth rat 
(Yasumura et al.，1966; Yasumura et al., 1968). It is epithelial-like and secretes GH 
at a rate of 1 ^g/mg cell protein/day. 
Cos-7, HepG2 and FSF was propagated in RPMI 1640 medium with 
L-glutamine (GIBCO), 10% fetal bovine serum (GIBCO) and 
1 % antibiotic-antimycotic reagent (Penicillin G-Streptomycin sulfate-fungizone 
(amphotericin A)). GI^ was propagated in F10 medium (GIBCO), 15% Horse 
serum (GIBCO), 2.5% fetal bovine serum (GIBCO) and 1% antibiotic-antimycotic 
reagent (Penicillin G-Streptomycin sulfate-fungizone (amphotericin A)). 
The split ratio of the four cell lines were 1:4. The cultured cells were 
incubated at 35.5-36.5¾ and 7% C02. The time interval for subculturing varies 
between cell types. Cos-7, HepG2 and FSF need 4 to 5 days to become confluent 
whereas GI^ need 7-12 days to become confluent. 
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Subculturing was carried out first by removing the old medium. The cell 
sheet was then rinsed with 0.2% EDTA in PBS (8 g NaCl, 0.2 g KC1, 
1.44 g Na2HP04-2H20, 0.2 g KH2P04 in 1 litre water). EDTA is a chelator which 
removes divalent ions, Ca2+ and Mg2+, that are required for cell attachment. Cell 
surface glycoproteins and proteins derived from the cells and from the serum also 
play a role in cell adhesion. After removal of PBS-EDTA, 1 ml of trypsin 
(0.25% trypsin, 0.2% EDTA in PBS) was added. The culture dish or flask was 
incubated at 37°C for less than 5 minutes. It is important to allow the cells to detach 
naturally. If the cells are forced to detach, cell clumping may result. After 
detachment of cells, 9 ml complete medium was added. The whole content was spun 
at 1,100 rpm for 5 minutes to pellet the cells. The supernatant was removed and the 
cell pellet loosen by tapping and repeat pipetting. The volume of culture medium was 
adjusted so that each dish received at least 2 ml aliquots of suspended cells. 
The final volume of medium in each dish was made up to 15 ml by addition 
of fresh medium. The volume, depth and surface area of culture medium affects 
growth of cultured cells. Usually the ratio of medium volume to surface area is 
0.2-0.5 ml/cm2. The optimum ratio depends on the 02 requirement of the cells. 
Cells with a high 0 2 requirement grows better in shallow medium whereas those with 
a low 02 requirement grows better in deep medium. For a 75 mm2 culture flask, 
15 ml is the minimum volume of culture medium allowed. Medium was usually 
replaced between 1-2 days interval or when the colour of the medium changed from 
red to orange and from orange to yellow. 
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2.2 Special techniques 
2.2.1 DNA Sequencing 
2.2.1.1 Principle 
DNA sequencing can be carried out by chemical (Maxam and Gilbert) or 
enzymatic method (Sanger). Chemical method utilizes the original population of 
single-stranded DNA for sequence. The single-stranded DNA is modified and 
cleaved at specific bases so that fragments having different lengths are generated. 
It has the advantage of sequencing the original DNA fragment in contrast to its 
complementary copy as in the enzymatic method. It also allows for the study of 
DNA secondary structure and the interaction of DNA-binding proteins with DNA by 
either chemical protection or modification interference experiments. 
The enzymatic method of Sanger et al. (1977) for DNA sequencing has been 
more popular in recent years because of the availability of oligonucleotide 
synthesizer and the improvements of the sequencing enzymes. 
This sequencing reaction involves three stages: preparation of single-stranded 
DNA, annealing and extension/termination. The DNA fragment of interest was first 
cloned into M13 phage or plasmid. Single stranded phage DNA or denatured 
plasmid acting as the template is allowed to anneal with a primer, which primes 
upstream to the 5' end of the insert sequence. Chain-termination is effected by the 
incorporation of dNTP and ddNTP. ddNTPs lack a hydroxy! group at the 
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y position of deoxyribose. They can be incorporated by DNA polymerase through 
the 5,-triphosphate groups but no further dNTPs or ddNTPs can be added 
subsequently because the ddNTP does not have a 3，-hydroxyl group to accept a new 
nucleotide. In a reaction mixture, presence of one ddNTP and the four conventional 
dNTPs results in competition between the triphosphates, dNTP and ddNTP for the 
growing chain which upon incorporation of a ddNTP, terminates at different base 
specific positions. 
By using four different ddNTPs in four separate reactions, a population of 
DNA fragments can be generated which terminate at specific base positions 
(A, C, G or T). Theses DNA fragments are then resolved in a denaturing 
polyacrylamide gel to produce a sequencing ladder. 
2,2,1.2 Procedures 
Denaturation of double-stranded template DNA 
For the sequencing reaction, the T7 Sequencing kit form Pharmacia LKB was 
used. Plasmid DNA was used as template and was prepared by the anion-exchange 
resin, Qiagen columns (Qiagen). Five 弘g/8 of template DNA was denatured by 
the addition of 2 /A of 2M NaOH. The reaction mixture was mixed and incubated 
at room temperature for 10 minutes. Due to the prolonged incubation time, the 
DNA was irreversibly denatured. Three jxl of 3M sodium acetate (pH 4.8) and 7 /xl 
of distilled water were added to neutralize the reaction mixture. DNA was 
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precipitated by the addition of 60 yl of absolute ethanol and incubation at either 
-20°C overnight or -70°C for 30 minutes. After precipitation, DNA was collected 
by centrifugation at 1,3000 rpm for 10 minutes. The supernatant was discarded and 
the DNA pellet washed with ice-cold 70% ethanol and recentrifuged. Again, the 
supernatant was removed carefully. The DNA pellet was then dried briefly under 
vacuum to remove traces of ethanol. 
Annealing reaction 
The dried DNA pellet was dissolved in 10 pd of distilled water. Two iA of 
annealing buffer (MgCl2, DTT) and 4-6 pi of primer dissolved in water (0.8 fiM) 
were added. The mixture was incubated at 37°C for 20 minutes to anneal the primer 
to the template. Afterwards, the mixture was placed at room temperature for 
10 minutes. If the sequencing reaction was not performed on the same day, the 
mixture was stored at -20°C until needed. 
Labelling reaction 
An enzyme premix was prepared as follows: n /d water, 3n yl labelling 
mix-dATP, 2n jxl diluted T7 DNA polymerase and n pi [o:-35S] dATP a S 
(10 txCUiiV, Amersham) where n equals to number of templates for sequencing. 
Labelling mix-dATP contained all dNTPs except dATP and the absence of dATP in 
the mix can force the incorporation of [a-35S] dATP a S into the growing chains. 
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Diluted T7 DNA polymerase was prepared by mixing T7 DNA polymerase stock and 
enzyme dilution buffer (glycerol, BSA and DTT). Volume of enzyme (Vh) = 3n/y, 
where n refers to number of templates and y units//xl refers to concentration of 
T7 DNA polymerase enzyme stock. Volume of enzyme dilution buffer 
(VB) = 2n - VE. [a-35S] dATP a S is used in pair with labelling mix-dATP. [a-35S] 
dCTP a. S can also be used provided that the labelling mix-CTP is used. If the 
radioisotope is not fresh, the amount of labelled dNTP can be increased to 2 /d per 
template without the addition of distilled water. 
During the extension/termination reaction, high ddNTP/dNTP ratio favours 
the production of shorter DNA fragment whereas low ratio favours the production 
of longer DNA fragment. The choice of using long-mix or short-mix depends on 
the location of the target region to be sequenced. However, long-mix have been 
found to frequently produce non-specific terminated bands and the readability did not 
seem to be improved. Thus, only short-mix was use exclusively in this study. 
Mix-short solution contains all 4 dNTPs and a ddNTP which are required for 
the chain extension and termination reaction. For example, A-mix-short contains 
ddATP, dATP, dCTP, dGTP and dTTP. Two and a half of the mix-short 
solutions A-mix-short, C-mix-short, G-mix-short and T-mix-short was added to four 
tubes labelled A, C, G and T respectively. 
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After preparation of the enzyme premix, 6 y\ of the premix was added to 
each of the annealed DNA template, mixed and incubated at room temperature for 
5 minutes. This allows labelling of the growing DNA strand. Low concentration 
of dNTP and low temperature (room temperature) are used to limit the extend of 
synthesis to 20-30 bp and ensure efficient incorporation of the labelled dNTP. 
During the labelling reaction, the four mix-short aliquots were warmed up at 37°C 
for at least 1 minute. Immediately after 5 minutes of incubation of the reaction 
mixture, extension/termination reaction should be performed. 
Extension/termination reaction 
After 5 minutes of incubation at room temperature, 4.5 of a reaction was 
transferred to each of the four pre-warmed sequencing mixes. The mixture was 
mixed by gentle pipetting and incubated at 37°C for 5 minutes. At this step, the 
DNA fragment may elongate by the incorporation of dNTPs and it may also 
terminate specifically by the uptake of ddNTPs. To stop the reaction, 5 /A of stop 
solution (bromophenol blue, xylene cyanol, EDTA) was added, mixed and the 
samples removed from the 37°C water bath. 
The mixture was heated at 80°C for 2 minutes to denature the DNA into 
single strands. Excessive heating may result in darker background or fuzzy bands 
and therefore should be avoided. After heating, the samples were snap cool by 
putting into an ice-bath. The samples were then ready for electrophoresis. 
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Electrophoresis 
The samples from the sequencing reactions were separated on a ultra-thin 
denaturing polyacrylamide gel at high voltage. The gel is mounted between a 
notched glass plate and a thermostatic plate. The notched glass plate was washed 
thoroughly with tap water, distilled water and rinsed with ethanol before the 
application of bind-silane (LKB). Fifteen 弘 1 of bind-silane was mixed with 4 ml 
absolute ethanol and 1 ml 10% (v/v) acetic acid. The mixture was spread over the 
notched glass plate, let dry for a few seconds and polished with a lint-free tissue. 
The process was repeated with absolute ethanol. The thermostatic plate was treated 
with 5 ml repel-silane (2% dimethyldichlorosilane solution (w/v) in 
1,1-trichloroethane; LKB) twice and once with ethanol. 
The notched glass plate used was 55 cm long. A wedged gel was found to 
produce the optimal number of readable base sequences. The minimum and 
maximum thickness was 0.2 mm and 0.7 mm respectively and the thickness 
increased from top to bottom. The length of the gradient is 194 mm. 
For gel preparation, 42 g urea (Riedel-deHaen), 10 ml 40% acrylamide 
solution (38% acrylamide, 2% N，N，-Methylenebisacrylamide) and 10 ml 10 x TBE 
buffer (121.1 g Trizma base, 51.35 g Boric acid and 3.72 g 
EDTA disodium salt dihydrate in 1 litre distilled water) were mixed, dissolved and 
made up to 100 ml with distilled water. Warming the gel solution is not 
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recommended since it may cause spontaneous polymerization or reduced resolution. 
The gel solution was filtered by passing through a 0.45 fim millipore filter and 
subsequently degassed. Degassing remove dissolved oxygen which inhibits the 
polymerization reaction. 
Immediately before gel casting, 0.8 ml 10% ammonium persulphate (Biorad) 
and 80 pi TEMED (Biorad) were mixed with the gel solution. Ammonium 
persulphate provides a radical for the polymerization reaction and TEMED acts as 
a catalyst. The ammonium persulphate was either freshly prepared or stored in 
aliquots at -20°C. The gel polymerizes within 30-45 minutes. It is a good practice 
to leave the unused gel solution in the container which function as a guide of 
polymerization rate. Just after polymerization, the comb was removed and the well 
is rinsed with water thoroughly to remove unpolymerized gel solution and excess 
urea. The gel is then pre-electxophoresed at a field- strength of about 33 V/cm 
(1800 V/55 cm) for 20 minutes using 1 x TBE buffer. This step removes charged 
contaminants and equilibrate the temperature of the gel. When pre-electrophoresis 
was finished, urea diffuse into the well was removed by repeated rinsing of the well. 
A shark-tooth comb was inserted into the flat-bottom well with the teeth just 
touching the bottom of the well. Shark-tooth comb produces more closely spaced 
sequencing tracks and aids reading of the autoradiogram. 
Immediately before sample loading, the sample wells were rinsed again since 
urea diffuse out very rapidly. About 3 of samples is loaded to each track. Too 
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large sample volume results in fuzzy bands. The rule of thumb is that the depth of 
sample should not be greater than the width of the sample well. Once a set of 
samples (e.g. A, C, G and T) were loaded, electrophoresis was carried out to 
prevent sample diffusion. After all samples are loaded, the gel is run at about 
36 V/cm (2000 V/55 cm) for 2 hours. After 2 hour of electrophoresis, the 
bromophenol blue dye front would reach the gel bottom and at this point band 
separation is optimal. 
Before autoradiography, urea must be removed from the gel. It was achieved 
by immersing the notched glass plate with the gel on top into a fixing solution 
(10% v/v acetic acid and 10% v/v methanol) for 20 minutes. After 20 minutes, the 
solution was changed and the gel is fixed for another 20 minutes. After fixing, the 
gel was placed under running tap water for about 10 minutes to remove the urea and 
fixing solution. The wedged gel bottom must be washed more extensively because 
that part is the thickest. If urea is not removed properly, the gel will stick to the 
X-ray film. Finally, the gel attached on the glass plate was dried in an 80°C oven 
for 1 hour. The gel was then ready for autoradiography. 
Kodak-XOMAT AR X-ray film was used for autoradiography. The film was 
placed on the dried gel in the dark. A clean glass plate was positioned on top of the 
film so that the film was sandwiched between two glass plates. The sandwich was 
fixed by clipping. The film was exposed in a light-proof box for 3 to 7 overnights. 
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The X-ray film was developed by immersing in developer (Kodak) for 
5 minutes with agitation. The film was rinsed in tap water and fixed in fixer 
(Kodak) for another 5 minutes. After developing and fixing, the film was placed 
under running tap water for 15 minutes and dried. 
2,2.1,3 Discussions 
A number of factors affects the results of DNA sequencing. The quality of 
template DNA is one of the most important factors. Template DNA should be of 
high quality such as those prepared by CsCl-ethidium bromide gradients or by 
anion-exchange columns (Qiagen column). Minipreparations of DNA are usually 
contaminated by small oligonucleotides which serves as random primers in the 
sequencing reaction. Inhibitors of DNA polymerase in minipreparations is a 
potential problem which results in non-specific chain termination and appearance of 
'ghost' bands. 
A sequencing primer should contain at least 18 nucleotides in length. If 
template DNAs are bacteriophage lambda or plasmid DNA, longer primers 
(25-29 mer) produces fewer artifectual bands. The primer should be checked for 
regions of potential haiipin or stem-loop formation and its degree of complementary 
to vector DNA. 
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The radiolabelled dNTPs usually employed is [a-32P]dNTPs or [a-35S]dNTPs. 
Both of these have advantages and disadvantages but [a-35S] is more commonly used 
because of its relatively lower radioactive hazard. In a sequencing reaction, a-32P 
analogs produce strong bands and require short exposure time. Drying of the 
sequencing gel is not necessary. However, decay of 32P caused radiolysis of the 
sequencing samples which can only be stored for 1 to 2 days. In contrast, [a-35S] 
analogs produce sharp and higher resolution bands. In addition, the problem of 
radioactive hazards and radiolysis are much alleviated because of the relatively 
weaker B particles emitted by 35S. 
Band compression caused by intrastrand secondary structure in regions having 
a high G+C content is usually resolved by using base analogs dITP or 
7-deaza-dGTP. These analogs are good substrates for DNA polymerase such as 
T7 polymerase or Taq DNA polymerase. 
A number of DNA polymerases were commonly employed for DNA 
sequencing. These include the Klenow fragment of E. coli DNA polymerase I, the 
bacteriophage T7 DNA polymerase, the Taq DNA polymerase and reverse 
transcriptase. Klenow fragment was used originally by Sanger. However, there are 
a number of problems with this enzyme. It has relatively low processivity, and 
causes non-specific chain termination when the polymerase dissociate from the 
template. The enzyme is very heat sensitive and requires storage in the cold at all 
times. It cannot be vortexed and should only be diluted before use. Reverse 
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transcriptase is not commonly used for routine sequencing. It can resolve problems 
caused by homopolymeric regions of A/T or G/C in the template DNA. T7 DNA 
polymerase is modified to eliminate its 3’，5，-exonuclease activity. It has the 
advantage of having high processivity, high rate of polymerization and wide 
tolerance for base analogues such as dITP or 7-deaza-dGTP. Taq DNA polymerase 
is thermostable. It works efficiently at 70-75°C and tolerates temperatures up to 
95°C. It is used at high temperature to resolve DNA secondary structure. High 
temperature (> 37°C) also enhance more specific annealing of primer to the template 
DNA. Taq polymerase also has a relatively high processivity. 
Less than or equal to 5 fig of DNA template and 4-6 fA of 0.8^M primer was 
used for our sequencing reaction. Such a ratio produces sequencing ladders of 
relatively stronger intensity. Increasing amounts of template DNA was found to 
produce bands of increasing intensity as long as less than 5 /xg of template DNA was 
used. Further increase of template results in a two-tone effect on the autoradiogram 
which have weak signals at the top and strong signals near the bottom. Too high an 
amount of template may lead to exhaustion of both dNTPs and ddNTPs resulting in 
the synthesis of few DNA fragments. 
Electrophoresis was carried out with the wedged gel system. Wedged gels 
are advantageous over conventional uniform gels in having higher resolving power. 
Bands at the bottom are packed more closely and the readability of the sequence 
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ladder is increased from 250 bp (uniform gel) to maximally 350 bp in plasmid 
sequencing. 
2.2.2 Polymerase Chain Reaction (PCR) 
2.2.2.1 Principle 
Polymerase chain reaction (PCR) is a method for the exponential 
amplification for a minute quantity of DNA (to levels in the ng or pg range). The 
reaction requires a pair of oligonucleotide primers, dNTPs, thermostable Taq DNA 
polymerase and DNA sample. 
Taq DNA polymerase is produced from Thermus aquaticus DNA polymerase 
gene that has been cloned into Escherichia coli host. Thermus aquaticus is a 
thermophilic, eubacteria capable of growth at 70-75°C. It was originally isolated 
from a hot spring in Yellowstone National Park. 
During the reaction, double stranded DNA is heat denatured (94°C) and 
allowed to anneal (40-60°C) with a pair of primers complementary to the 
3，boundaries of target DNA sequence. Based on the primer/template complex, Taq 
DNA polymerase extends (72°C) the growing chains exponentially. Since 
Taq DNA polymerase is thermostable, polymerization can be carried out at high 
temperature to reduce the secondary structure of the template. 
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Denaturation, annealing and extension makes up a cycle. Amplification is 
based on the repetition of the cycle (25-40 times) and results in 105 to 109 fold 
increase of DNA. 
2.2.2.2 Procedures 
A master mix of reagents (water, buffer, dNTPs, primers and enzyme) is first 
prepared and aliquoted into individual tubes. Target DNA was then added to each 
tube. For a 100 reaction volume, the reagents required are as follows: 
10 ixl 10 x reaction buffer (100 mM Tris-HCl, pH 8.3; 500 mM KC1; 15 mM MgCl2 
and 0.01 % w/v gelatin), 16 fd dNTPs mix (1.25 mM each of dATP, dCTP, dGTP 
and dTTP), 5 /xl of 20 ^M each of the two primer and 2.5 u Taq DNA polymerase 
(Pharmacia). The final concentration of the reagents was 1 x reaction buffer, 
200 fiM of each of the dNTPs and 1 ^M of each of the primers. Finally, the 
template DNA was added to each tube and the mixture made up to 100 /xL 
PCR was performed in a automated thermal cycler (Model 50/60 Tempcycler 
of COY Laboratory products Inc). Three profiles each having three segments 
(denaturation, annealing and polymerization) were used. In the first profile, the 
initial melting time was extended to several minutes to separate the template strand 
completely. In the last profile, the polymerization time was increased to about 
10 minutes to complete all the growing strands. 
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The profile used for the amplification of Lambda DNA for the Sst I joint 
region (653 bp) using pl9 and PCR 2 is as follows: (Sequences and location of 
primer pl9 and PCR 2 is shown in Fig. 3.3) 
Number D e n a t u r a t i o n Anneal ing P o l y m e r i z a t i o n 
o f temp.；time temp.；time temp.；time 
c y c l e s (°C;min) (°C;min) (°C;min) 
1 94;2 40 ;1 72;2 
38 9 4 ; 1 40 ;1 72; 2 
1 9 4 ; 1 40 ;1 72;9 
The profile used for the amplification of SE1 plasmid for the 5，-flanking 
region (1281 bp) of the grass carp GH gene using PCR B and PCR C is as follows: 
(Sequences and position of primers PCR B and PCR C is shown in Fig. 3.7) 
Number D e n a t u r a t i o n Anneal ing P o l y m e r i z a t i o n 
o f t e m p . ; t i m e temp.；time t e m p . ; t i m e 
c y c l e s (°C;min) (°C;min) (°C;min) 
1 94;5 50;1 72;2 
38 9 4 ; 1 50 ;1 72,-2 
1 9 4 ; 1 50;1 72;10 
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2.2.2.3 Discussions 
PCR primers should be 15-30 bp in length and selected from regions having 
random base distribution or GC contents of about 50%. Sequences with stretches 
of polyurines, polypyrimidines or potential secondary structure formation, 
particularly at the 3，-end, should be avoided. 
The complementarity at the 3' end of the pair of PCR primer should be 
minimize to reduce the formation of ’primer dimer，. Primer dimer is a 
double-stranded fragment with length close to the sum of the two PCR primers. It 
occurs when one PCR primer is extended over the other by the polymerase. 
Concentration of Mg2+ ions also affects the PCR since Taq DNA polymerase 
activity is sensitive to the concentration of Mg24" ions and to the nature and 
concentration of monovalent ions. Generally, insufficient Mg2+ decreases the yield 
whereas excess Mg2+ results in non-specific PCR products. It should be noted that 
dNTPs bind Mg2+, therefore the amount of Mg2+ available is determined by the 
amount of dNTPs present. Usually 0.8 mM of the four dNTPs is present in each 
reaction leaving 0.7 mM uncomplexed Mg2+ ions from the original 1.5 mM. 
The length of the target sequence affects the extension time required. 
Taq DNA polymerase has an extension rate of 2,000 to 4,000 bases per minute at 
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70-80°C. Usually, 1 minute of polymerization is used for target sequences of 1 kb 
long. 
Annealing temperature of 45-60°C is usually used. Higher temperature 
results in more specific products. Increments of 5°C or less is used for obtaining the 
optimum temperature. Glycerin is added in the heating/cooling block of the thermal 
cycler to improve the contact between the block and the reaction tube. 
PCR cannot amplify DNA infmtely. After the exponential increase in the 
amount of PCR products, a plateau is usually reached. During the plateau stage, a 
linear increase of PCR products is observed. There are many possibilities for the 
appearance of the plateau stage such as the exhaustion of primer or dNTP, 
inactivation of polymerase, substrate excess, competition by non-specific products 
or product reassociation. . 
Substrate excess is due to the use of too much DNA I fxg) at the start of 
the reaction. If the amount of DNA polymerase or extension time is not increased, 
optimum rate of amplication cannot be obtained. Non-specific amplication 
production uses up the DNA polymerase so that the target DNA is not amplified 
optimally. It can be alleviated by increasing the specificity of reaction such as 
increasing the annealing temperature. 
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When the PCR products accumulate gradually, reassociation of the 
single-stranded PCR products prevents the annealing of PCR primers. It occurs 
when the concentration of PCR products reaches 10 pM. 
The plateau of PCR is a inherent limitation of the reaction. However, it 
occurs only when quite a large amount of products have been accumulated. If very 
large amount of products is required, PCR can be performed in several separated 
reactions. 
2.2.3 Direct sequencing of PCR products 
2,2.3.1 Principle 
Sequencing of linear DNA fragment possess an inherent problem of 
stxand-reassociation during the polymerization of the reaction. As a result, DNA 
fragments are usually inserted into plasmid or single-stranded phage vector for the 
purpose of sequencing. The supercoilicity of plasmid prevents the reassociation of 
template DNA and allows efficient polymerization. The single-stranded phage vector 
have no such problem. 
In this study, sequencing of phage DNA is carried out by direct sequencing. 
The region to be sequenced is first amplified by PCR. One of the PCR primer is 
used as the sequencing primer which is 5，-end labelled. Direct sequencing reaction 
is very similar to the PCR in having three stages: denaturation, annealing and 
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extension. Extension and termination of sequencing reaction is performed in one 
step. The amount of chain-terminated fragments are increased by the number of 
cycles of the reaction. 
2,2.3.2 Procedures 
Reagents from TaqTrack Sequencing kit is used for direct sequencing. The 
primer PCR 2 was 5'-end labelled using [r-32P]-ATP (3000 Ci/mmol, 10 fiCi/fA) 
Amersham). The end-labelling reaction is made up to 10 fd by 2 (71 ng) of 
10 pmol primer, 3 fil of 10 pmol [r-32P]-ATP, 1 fil of polynucleotide kinase 
10 x buffer, 1 fil (5u) of T4 polynucleotide kinase and 3 jxl of water. The mixture 
was incubated at 37°C for 10 minutes to allow the exchange of the phosphate group 
at the 5，end and 90°C for 2 minutes to inactivate the T4 polynucleotide kinase. 
After the reaction, the labelled primer can be kept at -20°C until used. 
For direct sequencing, the following reagents were used: 4/^15 x sequencing 
buffer (400 mM Tris-HCl, pH 8.9; 100 mM ammonium sulphate and 25 mM 
MgCl2), 0.5/d (3.5 ng) 5'-end labelled PCR primer, 2 /xl (10 u) Taq polymerase and 
1 /xl (1 peg) double-stranded PCR product (653 bp) from previous PCR reaction. The 
mixture was made up to 16 /A with distilled water and divided into 4 separated tubes 
each containing 1 /J of a dNTP/ddNTP (A, C, G and T) mix. One drop of mineral 
011 was then added. The reaction was carried out in a thermal cycler with the profile 
95°C, 30 s; 40°C, 30s; 70°C, 60s for 15 cycles followed by the profile 95°C, 30s; 
73 
Materials and methods 
70�C, 60s for another 15 cycles to complete all non-terminated strands. Two and 
a half /xl stop solution was added to the mixture to stop the chain-termination 
reaction. The reaction mixture was electrophoresed in 4% sequencing gel and 
autoradiographied. 
2.2.3.2 Discussions 
The reaction mixture should be handled with care because of the radioactive 
hazard of 32P. The reaction mixture and the drop of mineral oil can be separated by 
adding a drop of chloroform. The aqueous mixture will then float on top of the 
chloroform-oil layer. However, chloroform is corrosive to the polycarbonate 
sequencing pipette tip. Fine glass pipette tip can be used instead. Alternatively, a 
piece of parafilm can be used to separate the oil and aqueous layer without the 
addition of chloroform. 
The sequencing ladder produced in our study very diffuse due to unknown 
reasons. Results may be improved by the purification of the 5'-end labelled 
sequencing primer to remove unincorporated [r-32P]-ATP. 
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2.2.4 Nested-deletion 
2.2.4.1 Principle 
To identify the promoter control elements of the 5'-flanking sequence of the 
grass carp GH gene, a deletion library was generated by nested-deletion. 
For the construction of unidirectional deletions of a double-stranded DNA, 
the enzyme exonuclease III was used. Exonuclease III is a 3'-exonuclease which is 
active only on double-stranded DNA. Blunt or 5'-overhanging ends produced by 
restriction enzyme digestion are susceptible to exonuclease III digestion whereas 
3'-overhanging ends having three or more bases are resistant to exonuclease III 
digestion. 
The double-stranded DNA is first linearized to generate a nuclease-sensitive 
and nuclease-resistant end. Linearization can be carried out by two restriction 
enzymes of which one generate a blunt or 5'-overhanging end adjacent to the target 
sequence and the other generate a 3'-overhanging end. Alternatively, the plasmid 
is digested to generate a 3，-recessive ends which is filled in with thionucleotides. 
The filled end become exonuclease HI resistant because of the phosphorothioate 
bonds in the phosphate backbone. The plasmid is then digested with a second 
enzyme to generate a blunt or 5'-overhanging end adjacent to the target sequence. 
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The double-digested, linearized DNA is incubated with exonuclease III which 
progressively remove nucleotides from one strand of the target sequence. The 
remaining single-stranded region can then be removed by SI nuclease. 
Nested-deletions are generated by removing samples at timed interval during the 
exonuclease III digestion. The deleted-sample are analysed by agarose gel 
electrophoresis, recirularized by DNA ligase and transformed into E. coli host. The 
resultant transformants are analyzed by restriction enzyme mapping. 
2.2.4.2 Procedures 
DNA preparations used for nested deletion should not contain nicked or 
linearized DNA which are usually found in DNA mini-preparations. 
Covalently-closed circular DNA can be obtained from isopycnic banding in CsCl or 
extraction with acid-phenol (Zasloff et al., 1978). 
Acid-phenol was prepared by equilibration of liquid phenol with equal volume 
of 50 mM sodium acetate (pH 4.0). The equilibration was repeated until the pH of 
the aqueous phase is less than 4.0. The pH of the phenol must be 4.0 since no 
selective removal of nicked or linearized DNA is observed at pH 4.2. 
Plasmid DNA was prepared by the Qiagen columns (t-100). One tenth 
volume of 3 M sodium acetate (pH 5.2) was added to the DNA sample which was 
precipitated by adding 2 volumes of ethanol. The pellet was rinsed with 
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70% ethanol and dried under vacuum. After drying, the DNA pellet was dissolved 
in water. Two M sodium acetate (pH 4.0) was added to a final concentration of 
50 mM and 2 M NaCl was added to a final concentration of 75 mM. 
An equal volume of acid-phenol was added to the DNA solution and mixed 
thoroughly. The mixture was centrifuged at 10,000 x g for 5 minutes and the 
aqueous phase was recovered. Two to three extractions were carried out to remove 
contaminating nicked and linear DNA. After extractions, 0.05 volume of 1 M 
Tris-HCl (pH 8.6) was added, followed by extraction with 1 volume of 
chloroform : isoamyl alcohol (24 : 1). One tenth volume of 2 M NaCl and 
2 volumes of ethanol were added to the aqueous phase to precipitate DNA. The 
DNA pellet was rinsed with 70% ethanol, dried under vacuum and dissolved in TE 
buffer. 
The covalently-close circular plasmid pGHCAT prepared from acid-phenol 
extraction was first digested with Pst I to produce a 5,-overhanging nuclease-resistant 
end, purified with Geneclean and subjected to a second restriction enzyme digestion 
with BamR I to produce a nuclease-sensitive end (Fig.2.1). After the second 
digestion, the reaction was heated at 70°C for 10 minutes to inactivate the restriction 
enzyme. 
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Fig. 2.1 
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In this study, the nested-deletion kit from Pharmacia was used. Since the rate 
of exonuclease III digestion depends on reaction temperature, salt concentration, 
DNA sequence and ratio of DNA to exonuclease III, a preliminary deletion was 
carried out to determine the above parameters. During the deletion reaction, NaCl 
is present in the second restriction digestion and the exonuclease III buffer. The exo 
mix was prepared by mixing 8 jul exonuclease III buffer (Tris-HCl, pH 8.0; MgCl2), 
4 fxl 0.3 M NaCl and 12 ixl water. The SI mix was prepared by mixing 20 ix\ 
SI buffer (potassium acetate, pH 4.6; NaCl; ZnS04 and glycerol), 40 distilled 
water and 0.6 SI nuclease. Seven and a half fxl of the SI mix was aliquoted into 
each of 8 tubes. Exonuclease III digestion was carried out by mixing 20 ixl (800 ng) 
DNA, and 20 Exo mix and incubated at 3 0 � C for 2-3 minutes. Five from the 
reaction mixture was withdrawn, mixed with the SI mix and placed on ice. This 
sample was the zero time point. One yi\ Exo III was added to the reaction mixture 
and incubation continued. After 2, 4, 5, 6, 7, 8 and 9 minutes, 5 samples was 
withdrawn, mixed with the SI mix and placed on ice. All samples were digested by 
SI nuclease at room temperature for 30 minutes after the last of the Exo digestion 
was completed. The reaction was stopped by the addition of 2.5 fxl stop solution 
(Tris base and EDTA). Samples were then heated at 65°C for 10 minutes. The 
deleted samples were analyzed on a 0.8% agarose gel using TBE buffer. Two sizing 
standard, the linearized plasmid without deletion and the linearized plasmid without 
the insert, were included. NaCl, SI buffer and SI stop solution were added to both 
standards so that their salt concentration matches with those of the deleted samples. 
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For the recircularization reaction, a ligation mix was prepared by mixing 
42.5 弘 125% polyethylene glycol (PEG) and 97.5 弘 1 distilled water. Three of the 
timed sample was mixed with 17 /A ligation mix and incubated at l ^ C overnight. 
Ten fd of the ligation reaction of each timed sample was used to transform 
E. coli JM 109. The resultant transformants were analyzed by restriction enzyme 
digestion with Hind d because Hind HI is upstream to the nuclease-protected end. 
Digestion with Hind HI can evaluate the degree of unidirectional deletion. Finally, 
the transformants having the appropriate size were sequenced to determine the extent 
of deletion. The sequencing primer (5’ GAG TCA GTG AGC GAG GAA GC 3’） 
is 5' to the multicloning site and complementary to the parent plasmid pGEM4. 
2.2,4.3 Discussions 
To avoid background of clones having no or incorrect deletion, both enzyme 
digestion should proceed to completion. After digestion of the plasmid with 
restriction enzyme that generate nuclease-protected end, the linearized plasmid can 
be separated on a preparative agarose gel and eluted. This assures that only 
linearized DNA was used in the second restriction enzyme digestion. The second 
restriction enzyme should generate a nuclease-sensitive end. If the second digestion 
did not go to completion, some of the DNA molecules would remain undeleted and 
could be detected by agarose gel electrophoresis. However, if the sequence of 
restriction enzyme digestion is inverted, that is, digestion with a restriction enzyme 
that generate nuclease sensitive end followed by one that generate nuclease-resistant 
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end and if the second digestion does not to completion, the deletion may proceed in 
both direction of the linearized DNA. Bidirectional deletion should be avoided 
because it can only be detected after transformation is performed. 
2.2,5 DNA transfection 
2.2.5.1 Principle 
In order to examine the transcriptional activity of a DNA sequence, a number 
of methods have been employed to introduce DNA sequences into cultured cells or 
into animals. The process of DNA introduction is known as transfection. There are 
transient or stable transfection depending on the fate of introduced DNA. In 
transient transfection, DNA introduced into cells stay episomally and does not 
integrate into the genome. Expression of exogenous DNA is measured between 
12-72 hours after transfection. After 72 hours of transfection, the transgene will be 
lost gradually. Conversely, in stable transfection, introduced DNA integrates with 
the cell's genome forming stable transformants. The stably transfected cells are 
isolated under selective pressure exerted by selected markers adjacent to the DNA 
sequence to be studied. Examples of selective markers are the neomycin resistance 
gene and the bacterial xanthine-guanine phosphoribosyltransferase gene (XGPRT). 
The selective conditions for neomycin resistance is the presence of neomycin analog 
G418 and that for the XGPRT gene is the presence of mycophenolic acid and 
xanthine. 
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A wide variety of methods have been developed for DNA transfection. These 
methods include calcium phosphate, DEAE-dextran, lipofection and electroporation. 
Calcium phosphate, DEAE-dextran and lipofection enhance DNA interaction with 
the cell surface and mediate DNA uptake. In electroporation, transient pores are 
induced on cell surface which allows passage of small molecules such as DNA 
molecules. 
In this study, lipofection was used as the method of DNA transfer because 
of its effectiveness (5-100 fold) in comparison to calcium phosphate and 
DEAE-dextran transfection (Feigner et al., 1987). The transfection reagent used in 
lipofection is lipid vesicles made up of cationic amphiphiles containing hydrophobic 
and cationic groups (Fig. 2.1). The hydrophobic portion is made up of either 
cholesteryl or dioleoylglyceryl moiety. The cationic portion forms complex with 
DNA by ionic interaction. Together, the DNA/lipid complex is uptaken by the 
transfected cells. A number of cationic lipid has been designed and synthesized. 
They include stearylamine, dioctadecyldimethylammonium bromide, 
N-[l-(2,3-dioleoyloxy)propyl]-N,N,N-trimethylammonium chloride (DOTAM), 
N-[l-(2，3-dioleoyloxy)propyl]-N，N,N-trimethyl-ammoniummethylsulfate(DOTAP), 
l,2-dioleoyl-3-(4,-trimethylammonio)butanoyl-^-glycerol (DOTB), etc. 
In some of the cation lipid molecules (e.g. DOTAP), the hydrophobic and 
cationic portions are linked by ester bonds which is susceptible to cleavage by 
non-specific esterase in transfected cells. It has been shown that cationic lipid 
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lacking cleavable bonds accumulates in transfected cells and affect the regulatory 
process of the cells. Surface charge of cell membrane sometimes is also affected. 
Fig. 2.1 
Formula of the cationic lipid DOTAP. 
CH3(CH2>7——CH= CH——(CHshCOO CH2 
CH3(CH2)7——CH= CH——(CHshCOO CH 
CH2——N+Me3 
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During DNA transfection by cationic amphiphile, a plasmid DNA is 
surrounded by cationic lipid which completely neutralize the negative charge of the 
DNA molecule. The resultant net positive charge of the DNA-cationic lipid complex 
allows the association of the complex with the negatively charged cell surface. 
The precise mechanism of cationic liposome-mediated DNA transfection 
remains unclear. Although a simple fusion of the liposomal and cellular membranes 
followed by release of liposomal content seems to be probable, some experimental 
results suggest the involvement of other mechanisms (Leventis and Silvius, 1990). 
For example, by transient destabilization of endocytic vesicles that contain cationic 
lipid-DNA complex or by mediated uptake of DNA by a process similar to that 
suggested for the uptake of intact oligonucleotides by animal cells 
(Loke et al., 1989). 
Neutral phospholipids are sometimes mixed with their cationic lipid analogue 
for the purpose of transfection. The relative composition of the neutral lipid 
influences the aggregation and interactions of lipids. Phosphatidylethanolamine (PE) 
has been shown to associate and intermix with natural membranes or lipid vesicles 
(Stamatotos et al., 1988) that are rich in choline phospholipids which are usually 
found to be refractory to coalescence with other lipid bilayers. 
Transfection by liposomes are performed in Cos-7 (ATCC CRL 1651, SV40 
transformed simian kidney cells CV-1 cells), HepG2 (ATCC HB 8065, human 
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hepatocellular carcinoma), FSF (foreskin fibroblasts) and G ^ cells (ATCC CCL 82, 
rat pituitary tumor). 
2.2.5.2 Procedures 
Cells were cultivated in 100 mm tissue culture dishes (Comings) until they 
are 60-80% confluent. For each transfection 70 yl of 1 mg/ml DOTAP 
transfection-reagent (Boehringer Mannheim Biochemica) was mixed with 180 ii\ 
Hepes buffered saline，HBS (20 mM Hepes, 150 mM NaCl, pH 7.4, filter-sterilize). 
Five fjLg DNA was diluted to 250 with HBS. The diluted DNA and DOTAP in 
HBS were mixed and incubated at room temperature for 10 minutes. The old 
medium was aspirated from the cells and replaced with 5 ml culture medium. 
Another 8.5 ml culture medium was added to the DOTAP-DNA mixture, mixed 
gently and transferred to the cells already containing 5 ml medium. The final 
concentration of DOTAP was 5 pg/ml. After gentle mixing and swirling, the cells 
were incubated at 37°C, 7% C02 for 24 hours to allow DNA uptake by cultured 
cells. After 24 hours of incubation, the medium was replaced by fresh medium. 
The cells were incubated for a further 48 hour period. Cells were harvested after 
48 hours and assayed for CAT (chloramphenicol acetyltransferase) activity. 
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2.2.5.3 Discussions 
DOTAP is a derivatives of the mono-unsaturated fatty acid oleic acid which 
is susceptible to oxidation by airborne oxygen. Thus, DOTAP is bottled under 
argon. To minimize oxidation, DOTAP should be withdrawn with a sterile cannula 
and syringe. 
2.2,6 CAT assay 
2.2.6.1 Principle 
The study of transcriptional activity of a DNA sequence is carried out by 
inserting the sequence into a reporter gene vector. Reporter genes code for proteins 
having unique enzymatic activity or easily distinguishable proteins. The 
transcriptional activity of the DNA sequence is monitored by the estimation of the 
activity or the amount of the reporter gene product in culture medium, cell extracts 
or by histochemical staining of intact cells. 
A reporter gene vector usually contains a prokaryotic replication origin, 
antibiotic resistance gene, multiple cloning site, the reporter gene, intron splicing / 
signals and a polyadenylation signal. Reporter gene vectors usually have a pBR 322 
or pUC-derived backbone and possess the pMBl prokaryotic origin of replication. 
The antibiotic resistance gene (e.g. B-lactamase) imparts resistance to antibiotics 
(e.g. ampicillin). These features allow propagation and selection of the vector in 
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E. coli. The presence of an intrinsic or heterologous intron is responsible for 
efficient expression of mRNA. The eukaryotic poly A signal is necessary for 
cleavage and polyadenylation of the transcripts. 
A number of reporter gene is available. For example, genes coding for 
chloramphenicol acetyltxansferase (CAT), luciferase, human GH, alkaline 
phosphatase or B-galactosidase. They differ in the method of detection of the 
reporter gene product. GH is secreted into culture medium and is measured by 
displacement radioimmunoassay (RIA). Luciferase, in the presence of substrates, 
emits photons which can be detected by scintillation counting or fluorometer. 
In this study, the CAT reporter gene of the vector pGCAT-A (Frebourg and 
Brison, 1988) was employed. CAT is present in E. coli or prokaryotes only. It has 
not been reported in eukaryotes. Thus, the presence of CAT activity in transfected 
cells should be due to the presence of the transgene. CAT enzyme has the advantage 
of being easily assayed and detected at low levels. 
CAT catalyses the transfer of acetyl groups from acetyl-coenzyme A 
(acetyl-CoA) to chloramphenicol. Acetylation occurs only at the 3,-hydroxyl 
position. However, by non-enzymatic rearrangement, 3-acetylchloramphenicol is 
converted into 1-acetylchloramphenicol which can be further acetylated at 
3,-hydroxyl position to generate the third product 1,3-diacetylchloramphenicol. The 
reaction is as follows: 
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chloramphenicol + acetyl-CoA 3-acetylchloramphenicol + CoA 
3-acetylchloramphenicol 1-acetylchloramphenicol (non-enzymatic step) 
1-acetylchloramphenicol + acetyl-CoA — 1,3-diacetylchloramphenicol + CoA 
In the CAT assay, 14C-labelled chloramphenicol is incubated with acetyl-CoA 
and the cell extracts of transfected cells. Since the acetylated and non-acetylated 
form possess different solubilities in organic solvent, they can be separated by 
thin-layer chromatography (TLC). The radio-labelled substrates allow location of 
the products on TLC plate by autoradiography. Quantitation may be carried out by 
densitometry or liquid scintillation counting. 
2.2.5.2 Procedures 
After transfection, cultured cells were harvested for assaying CAT activity. 
The culture medium was removed and the cells were washed with 10 ml PBS for 
two times. Cells were detached by adding 1 ml trypsin solution (0.25% trypsin, 
0.2% EDTA in PBS) and incubation at 37°C for several minutes. Trypsinisation was 
stopped by adding 2 ml ice-cold PBS. Detached cells were then transferred to 
16 mm tube. The dish was rinsed with 2 ml ice-cold PBS and transferred to the 
previous 16 mm tube. Cells were spun down at 1,200 rpm for 10 minutes. After 
centrifugation, the supernatant was discarded, the cell pellet was loosen in 
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1 ml ice-cold PBS by repeated pipetting. The 1 ml cell suspension was then 
transferred to a microfuge tube and spun down at 13,000 rpm for 5 minutes. After 
the removal of the supernatant, the cell pellet was resuspended in 80 /A ice-cold 
0.25 M Tris-HCl (pH 7.5) by vortexing. The resuspended cells were frozen in 
liquid nitrogen and can be stored at -70°C until CAT assay. 
During preparation of cell extracts, harvested cells were lysed by 3 cycles of 
freezing and thawing in liquid nitrogen and 37°C water bath for 5 minutes. The 
samples were then sonicated for 10 s using a microprobe with 50% working cycle. 
After 10 s of sonication, the samples were cooled on ice for 15 s to prevent 
overheating. Sonication was repeated for the second time under the same condition. 
Cell debris was spun down at 13,000 rpm for 10 minutes. The supernatant was 
transferred to another tube. Eighty distilled water was added to the pellet of cell 
debris in order to lyse the cells completely by hypotonic shock. Sonication was 
repeated twice as above and the supernantant was pooled together. The supernatant 
was heated at 55°C for 10 minutes to inactivate endogenous deacetylase which can 
hydrolyse acetyl-CoA and acetylchloramphenicol. CAT enzyme is relatively stable 
at 55°C. After heating, the samples were cooled on ice and the denatured proteins 
removed by centrifugation at 13,000 rpm for 10 minutes. A 5 pi aliquot of the cell 
extract was used for protein determination by Lowry's method (Lowry et al., 1951). 
The sample having lowest protein content was used as the reference point and all 
other samples were adjusted to the same protein content. The final volume was 
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120 /d. Two hundred and fifty mM Tris-HCl (pH 7.5) was used to compensate for 
volume differences. 
Maximum sensitivity in enzyme assay can be achieved by carrying out the 
reaction close to or slightly below the Km. For CAT, the Km for chloramphenicol 
is 12 fxM. Thus, the use of 0.1 弘Ci of D-threo-rdichloroacetyl-l-14C] 
chloramphenicol with a specificity of 1.97 GBq/mmol, 53 mCi/mmol in 180 /xl of 
reaction mixture would result in a concentration of about 10 pM. As a result, CAT 
assay was set up as follows in a 179 \A reaction volume. 120 fd cell extract in 
0.25 M Tris-HCl was mixed with 35 til distilled water, 20 /d 10 mM acetyl-CoA 
(Sodium salt, Sigma) in water and 4 [A 0.025 /xCi/^ tl [14C]chloramphenicol 
(Amersham). To test the conditions of the reagents for the CAT assay, a control 
was also included which contained 0.25 M Tris-HCl, [14C]chloroamphenicol, 
acetyl-CoA, distilled water and the CAT enzyme (Pharmacia). Another control 
contained all of the reagents as above except the CAT enzyme or cell extracts. The 
reaction mixture was incubated at 37°C for 1 hour. After an hour of incubation, 
another 10 fA of 10 mM acetyl-CoA was added and the incubation was continued 
overnight. 
The reaction was stopped by adding 0.45 ml ice-cold ethylacetate (BDH), 
vortexed for 30 s and the mixture spun down at room temperature. The supernatant 
was collected in a clean tube. Extraction of acetylated and non-acetylated 
chloroamphenicol by ethylacetate was repeated once and the supernatant pooled. The 
90 
Materials and methods 
extract was dried under vacuum. Twenty /xl ethylacetate was added to the wall of 
each sample tube to dissolve the dried products. The samples in ethylacetate were 
spotted onto a 10 x 20 cm TLC plate (precoated with silica gel with 254 nm 
fluorescent indicator on glass, Sigma) and developed in a solvent system containing 
chloroform:methanol (95:5) for 45 minutes. The plate was removed and exposed to 
X-ray film (Kodak X-OMAT AR) for 4 overnights in cassettes with intensifying 
screen. 
2,2.5.3 Discussions 
Positive control vectors containing SV40 promoter or RSV promoter upstream 
of the CAT gene was included during the transfection experiments. They allows the 
comparison of the test sequence relative to known control and monitoring of the 
transfection efficiency. 
Negative control was the promoterless and enhancerless reporter gene vector. 
They can be used to determine the background levels of transcription from the 
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3.1 Sequencing of the grass carp GH gene 
3.1.1 Introduction 
A positive clone carrying the grass carp {Ctenopharyngodon idellus) GH gene 
has been screened from an enriched Lambda gtll library (Ho et al., 1991). The 
library was constructed by using Hind III digested genomic DNA prepared from the 
spleen of the fish. The positive clone carries an EcoR I insert of 7.7 kb. By 
restriction mapping, the GH gene was mapped at the 5' region of the insert. Sac I 
{Sst I) digestion of the EcoR I insert gives rise to two DNA fragments of 2.2 and 
2.5 kb which encompass the whole gene. The two fragments were subcloned into 
pUC 18 for sequencing. 
In this study, the DNA sequence of the entire GH gene was determined by 
primer-walking. The GH gene is 2501 bp long starting from the ATG to the 
poly-adenylation signal. The 5，-flanking sequence is 1.22 kb in length. Upstream 
of the +1 site (transcription start site), in addition to the TATA box, a number of 




3.1.2 Sequencing strategy 
Sst I digestion of the 7.7 kb long EcoR I insert of the Lambda gtll positive 
clone yields two fragments flanked by either EcoR l/Sst I (2.2 kb) or Sst USst I 
(2.5 kb). These two fragments encompass the whole grass carp GH gene. The 
EcoR l/Sst I and Sst I/Sst I fragments were subcloned into pUC 18 to generate 
plasmid SE1 and S2 respectively (Fig. 3.1). Map of SE1 and S2 were shown in 
Appendix. 
Direct sequencing of the pUC 18 derived plasmid SE1 and S2 was performed. 
The use of double-stranded DNA sequencing has several advantages over the 
conventional single-stranded M13 phage sequencing. Sequencing of inserts in 
plasmids avoids the need for subcloning into Ml3 phage. Long inserts, repetitive 
sequences are usually unstable in M13 phage but stable in plasmid DNA. 
Sequencing of SE1 and S2 was achieved by primer-walking. Firstly, SE1 and 
S2 were sequenced by universal primer, reverse primer and synthetic primers based 
on cDNA sequences. Oligonucleotides were synthesized by an Applied Biosystem 
391 automatic oligonucleotide synthesizer (Foster City, CA). Secondly, the 
nucleotide sequences obtained from a sequencing reaction was used for the design 
of a new primer which in turn is used to prime the DNA for subsequent sequencing. 
Sequence regions used for designing primers should lie some distance behind the 
94 
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advancing front and within regions of good readability. Our sequencing strategy is 
summarized in Fig. 3.1. 
Fig. 3.2 shows part of the result of the dideoxy-chain terminated sequencing 
reaction of the grass carp GH gene from our clones. A DNA sequence of 3975 bp 
was obtained as shown in Fig. 3.6. Among the 3975 bp, 1220bp is the 5'-flanking 
sequence of the GH gene, 2501 bp is the structural gene and the remaining 254 bp 

























































































































































































































































































































































































Autoradiograph of DNA sequencing of the grass carp GH gene 
by dideoxy chain-termination method. Sequencing strategy of the 
entire gene is shown in Fig. 3.1, 
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Based on restriction enzyme mapping of the EcoR I insert of the positive 
phage clone, the GH gene is split into two fragments by a Sst I site. However, there 
may be more than one Sst I site in close proximity to each other. DNA sequence 
around the Sst I site was confirmed by DNA sequencing of the intact GH gene in the 
phage vector Lambda gtl l . The region around the Sst I site was amplified by PCR 
(Fig. 3.3, 3.4) and the PCR product (653 bp) was sequenced. The result matches 











































































































































































































































Agarose gel analysis of PCR product from grass carp GH gene 
in phage vector lambda gt l l using primer pl9 and PCR2. Lane 1-6 
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The ribosome initiation site of the GH gene (5，GAAATGG 3’）is 
homologous to the conserved sequence 5' a / q N N A T G G 3，in which the first and last 
bases are purines. It is believed that if these bases are pyrimidines, the initiation site 
would have a high probability of being bypassed by the ribosome. The 
polyadenylation signal of the GH gene (5，ATT AAA 3') shows slight variations from 
the conserved sequence 5，A ATA A A 3'. 
Based on our sequencing data and the cDNA sequence of the grass carp GH, 
5 exons and 4 introns were identified from the GH gene. The exon and intron 
junctions are shown in Fig. 3.5. The splice junctions display high similarity to the 




(a) Comparison of the DNA sequence of the grass carp GH 
gene with the conserved eukaryotic ribosome initiation site, 
(b) Comparison of the polyadenylation signal with the eukaryotic 
conserved sequence, (c) Comparison of exon and intron splice 
junction with eukaryotic conserved sequence (shown at the bottom 
line). The conserved intron sequence GT at 5，end and AG at 3，end 
was underlined. 
(a) 
E u k a r y o t i c r ibosome b i n d i n g s i t e A/GNNAUGG 
Sequence around s t a r t codon of 
g r a s s carp growth hormone gene GAAAUGG 
(b) 
E u k a r y o t i c p o l y a d e n y l a t i o n s i g n a l AAUAAA 
Grass carp growth hormone gene 
polyadenylation signal AUUAAA 
(C) 
exon 3 • exon 5' i n t r o n 31 5' exon 
n o - j u n c t i o n j u n c t i o n 
1 . . .ATG GCT AGA G GTATGGATAT. . . ( c / t)I8CTM c a t t a G T G … 
• "AAC GAC TTT GTAAGATTCC. . . (C/T) 10GTTATCAM GAG GAC AAC … 
2 ； — 
• • • AAG AGO TCT GTAAGCACAC. • • (C/T) l2TCAG ATG TTG AAG … 
3 ^ 
4 . . . CTC ATC AAG GTGAGAGAGA. . .ATCTGCACM G G A T G T C T G … 
• • ,c /aAG G^/gAGT. • • (T /c) ^u^/iAG G. • • 
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The DNA sequence at seven different positions of the GH gene was found to 
deviate from that of the cDNA. Two were located within the coding region whereas 
the remaining five positions were in the 3'-untranslated region. 
At position +1010 (+1 = transcription start), there is a transversion of a 
G (in cDNA sequence) to a C (in genomic sequence) and this results in a change of 
the deduced amino acid sequence from cysteine to serine. At position +1578, there 
is an inversion of a doublet of bases from CCAG (in cDNA sequence) to AGCC 
(in genomic sequence), the deduced amino acid changes from GlyGlu to Gly-Ala. 
Other discrepancies were found at +2081，+2096, +2327, +2349 and +2355. 
They includes transition, deletion and insertion. All of the mismatches were 
confirmed by sequencing of the sense strand and antisense strand of DNA. In 
addition, the mismatch at +1010 was confirmed by the presence of a Ser residues 
at the corresponding position of the common caip GH- amino acid-sequence 
(Fig. 4.1). It is believed that the mismatches are due to reading errors during cDNA 
sequencing. 
By primer extension assay (Calzone et al., 1987), the transcription site of the 
GH gene was located at 50 bp upstream of the start codon ATG. In the reaction, 
mRNA isolated from the pituitary gland of the grass carp acted as the template and 
oligo complementary to exon 1 (5' CTC TAG CCA TTT CGC TCA GGG TAG 3， 
from +1280 to +1257) was used as the primer. The reaction was catalysed by 
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reverse transcriptase. The position of the transcription start site was then determined 
by running a sequencing reaction of SE1 using the same primer side by side. 
Based on the sequencing result, the basal transcription element TATA box 
(TATAAA) was located at a position 26 bp upstream of the transcription start site. 
In addition to the TATA box, a number of putative promoter control elements were 
identified by comparison with other consensus sequence (Fig. 3.6). These include 
glucocorticoid response element (GRE), myosin-specific element (MRE), cAMP 
responsive element (CRE), thyroxine response element (TRE) and some unclassified 
multiple repeats or palindromic sequences. 
The deduced amino acid sequence of the grass carp GH gene is shown in 
Fig. 3.6. It consists of 210 amino acid residues and the amino acid composition is 
similar to that of other species (Table. 4.1). The grass carp GH is characterized by 
a high leucine content. It contains five cysteine residues, four of which have the 
potential to form two disulphide bridges. Molecular weight of the protein as 




DNA sequence of the grass carp (Ctenopharyngodon Melius) 
growth hormone gene. The gene consists of 5 exons and 4 introns. 
Discrepancies with the cDNA sequence are shown under the 
corresponding bases. Insertions are shown by ,/…I, and deletions by 
，•，• A number of putative promoter control elements are being 
identified in the 5'-flanking sequence such as glucocorticoid response 
element (GRE), myosin element (MYO), cAMP response element 
(CRE), thyroxine response element (TRE), TATA box and CAAT 
box. Although more than two tissue-specific elements, dGHFl and 
pGHFl, are identified by sequence comparison, the two at -104 and 
-99 are believed to be the functional ones and are shown in italics. 
EcoR I 
• • • GRE(c) . • 
- 1 2 2 0 a a t t c c t t c c a t t g a t g t t t c t t a g g a t A G G A C A a t a t t t g g c t g a g a t a c a a c t a t t t g - 1 1 6 1 
.MYO . . MYO . 
- 1 1 6 0 AAAATCTggaatctgagggtgcacaaAAAATCTaaatattgagaaaatcgcctttaaagt - 1 1 0 1 
• • • pGHFl • PALINDROME 
- 1 1 0 0 tgtctaaatgaagtccttagcaATGCATATccactcaCAAAAATacATTTTTGatatatt - 1 0 4 1 
• • • • • • 
一 1 0 4 0 t a c a g t a g g a a a t g t a c a a a a t a t c t t c a t g g a a c a t g a t c t t t a c t t a a t t t c c t a a t g - 9 8 1 • • • • • • 
- 9 8 0 a t t t t t g g c a t a a a a g a a a a a t c g a t a a t t t t g a c c c a t a t a a t g t a t t g t t g g c t a t t g - 9 2 1 
« 參 •CRE 參 • 鲁 
- 9 2 0 c t a c a a a t a t a c c c g t G T C A c t t a T G A C t g g t t t t g t g g t c c a g g g t c a c a t a t a g t t a a - 8 6 1 
. • • GRS(c) . • • 
- 8 6 0 t g a a t t a t c t a a c t t t a a c t g t c c A G G A C A c a t t g c t a c t c t t t g g t c c t t a t a c c g c t a - 8 0 1 • • • ' • • • 
- 8 0 0 a c c t a a a g t g a c a c c c a a a a c a g c t a t a a g g g t c a g g t a a c t g a t t g t a t t c t g t t t t t c - 7 4 1 
參 參 參 CHJE! • • 
- 7 4 0 c c t g a a a a g g g a t t a a a c t a t t a a t G T C A c g c T G A C a t t t c a c a a c c c c a c t a c t g c t g a - 6 8 1 
. PALINDROME . 
- 6 8 0 atat tacACAAAGgGAAACAacacgtctgcataggaaaatcctcacacatccccacagtg - 6 2 1 
• • • • GRS • 
- 6 2 0 acacg ta ta tgacc tga t t cac tc t ca taa t ta tTGACAacgTGTCCTtt tggaaggaaa - 5 6 1 
會 • 參 • • 會 
- 5 6 0 t g a c a c c a t t t a c a g g t t a c g t g g c g a t g c t a c a c a c a t c c t a t a g c g c t g t g t g a a t g a - 5 0 1 
• PALINDROME • • • • 
- 5 0 0 CAAcCACTATAGTGaTTGaaacat t tagcctaaactc tggct tat t tacagt tc t tc t t t - 4 4 1 
. . • . SIL1 . MULTIPLE REPEATS 
- 4 4 0 ct:gt:-hgat:t:catttaattaacataacataaCACCCTGTCAAATAAATAAATTAAATTAAA - 3 8 1 
. . . . . PALINDROME 
- 3 8 0 AATAAAcacaactagct tatagt tgct tatgagt tgt t tgtagaacATTTTcAAAATata - 3 2 1 
. . d G H F l . MYO(c) . • 
- 3 2 0 taaaccacaaTATTTTCCATaatttcaccAGATTTTTacatggaaagaatattgcttaag - 2 6 1 
. DIRECT REPEATS • • • • 




• • • • 書 . .TATA 
-200 atgatgaccttttggctttttcttagtgccaacaacatcatggaaattgaTATAAAtgac -141 
• • • dGHFl • pGHFl • T R E ( c ) 
- 1 4 0 t g g a a c c a c a a c a c t a a t g t t t t t q t c t a A ^ A C A r q t a q c A T G C A T A r t a A A G C A a q C T a - 8 1 
• • • p G H F l • • T A T A 
- 8 0 a a C T A T C a t g t t t c t g a t t a g g A T G C M C A a a a c a t g t t c a t g c c a c a T A T A A A t a t c a g - 2 1 
• • +1 • • • . 
- 2 0 t a t a c c t g a g c c a g g a a a a c A a a c g t t c a c a a g c c t t c a a c t a a g a c t g t a a g a a t c t a c 4 0 
• • • • • • 
M e t A l a A r g A 
4 1 c c t g a g c g a a A T G G C T A G A G g t a t g g a t a t g a t g c t t t c t g t t g a a t g t t a t t t g t g g a t 1 0 0 
• • • 會 • 番 
1 0 1 t t a a g a c t t t t t g a c a a c t c c t t a t t t c g t t t a g a t g t t t t t t t g t g c t t t c c t c t t a c t 1 6 0 
• • • • • 會 
1 6 1 t g t a a a a c a a a t t c g t a g t t g t a a a g a g t t t a t t g g a g c a t g g a a a a c a a a a c a a a t g t a 2 2 0 
• • • 會 • • • 
2 2 1 t t t g a t c t c c a a a a t c t g t t t t g a t t a a t c c a a a a t c t t g a t t t c a t t g g t t a t t t t a t t 2 8 0 
• • • 等 • • 
l a L e u V a l L e 
2 8 1 a g g a a c g a t g t t g t a g a t g g t a a a c a a a c c t c t t t c t t t t c t t c t c c t a g C A T T A G T G C T 3 4 0 
• • • • • • 
u L e u S e r V a l V a l L e u V a l S e r L e u L e u V a l A s n G l n G l y T h r A l a S e r G l u A s n G l n A r 
3 4 1 GTTGTCGGTGGTGCTGGTTAGTTTGTTGGTGAACCAGGGGAC6GCCTCAGAGAACCAGCG 4 0 0 
• • 參 • • 參 
g L e u P h e A s n A s x i A l a V a l l l e A r g V a l G l n H i s L e u H i s G l n L e i i A l a A l a L y s M e t l l 
4 0 1 GCTCTTCAACAACGCAGTCATACGTGTTCAACACCTGCACCAGCTGGCTGCAAAAATGAT 4 6 0 
• • • 參 鲁 參 
e A s n A s p P h e MYO 
4 6 1 T A A C G A C T T T g t a a g a t t c c c a t t A A A A T C T a t t c a a a a c a t g c a g a t t c t a a c c t g t c a 5 2 0 
• • • 參 • 參 
5 2 1 t t t a g a g c a t a a a c g a t c a a t c a c a c c t a t t c a a g t g a a a t a t g a g t t t a g g a c t t a a a t 5 8 0 _ • ’ • • • • 
5 8 1 t a a a a t t c t g t c a t c a t t t a t t c a c c c t c a a t t t g t t c c a a a c c t a t a t g a g t t t c t t t c 6 4 0 
• • • • • • 
6 4 1 t t c t g c t g a a c a c a a a a t a a g a c a t t t t a a a g a a c a t g g g t a g c c a a a c a g t t g a t g g t c 7 0 0 
• « 參 • • 參 .- ,.. —» • • 
7 0 1 c c c a c t g a c t t c c a t a g t a t g g a a a a a a a t a c a c c g a c a t t c t t c a a a a t a t c g t c t t t t 7 6 0 
• • • • • 參 
7 6 1 g t g a t c a g c a g a a g a a a g a a a c t c a a a c a g g t t t g g a a c a a c t t g a g g g t g a g t a a a t t a 8 2 0 
. . d G H F l • G R E • • 
8 2 1 t a a c a a a a a t t t c a t t t t t a q q t q A A T T A T C C C T t t a a t a a q T G T T C T t t g c a t t t c t a t 8 8 0 
• • • • • • 
8 8 1 c a g a t c t a t t t c t t g a t t a t g t t a t t t g a g t g a g t a a a t a c t a t t t t c t t t t t g t t a t c a 9 4 0 
• • 番 • • • 
G l i i A s p A s n L e u L e u P r o G l u G l u A r g A r g G l n L e u S e r L y s I l e P h e P r o L e u S e r P 
9 4 1 agGAGGACAACCTGTTGCCTGAGGAACGCAGACAGCTGAGTAAAATCTTTCCTCTGTCTT 1 0 0 0 
• • • • • • 
h e C y s A s n S e r A s p S e r l l e G l u A l a P r o T h r G l y L y s A s p G l u T h r G l n L y s S e r S e r 
1 0 0 1 T C T G C A A C T C T G A C T C A A T T G A G G C G C C C A C T G G A A A A G A T G A A A C G C A G A A G A G C T C T g 1 0 6 0 
G • • • • 
1 0 6 1 t a a g c a c a c g a t g t c g t t a a a a a t g a a a c c c c a a c c t c t t a t g t t t t a g t c a a c a a a a t a 1 1 2 0 
• • • • • * 
1 1 2 1 t a g a a c t a t g a a a c a a a t a g t a g t a t a g t a c a t g c a t g a t g c a a g t g a a a t a t t t t t g t t 1 1 8 0 
• • • • • * 
1 1 8 1 g t t t t c a c a a t t g c t c a a a a a t c a g a t t a a a a g t t c c a t c a t c a c t a c a c t g t a a a a a a a 1 2 4 0 
• . • • • 
1 2 4 1 a a t a t 七 t t c a c t a a t t a t c a c a t t 七 七 t t c c t t t g t c a a a t c a a c t t a a t t a a t g t g g t t c 1 3 0 0 
. . . CAAT . • 
1 3 0 1 a g a t a a c a t a a t a t t g t g a g t t t c t g t t g a t t a a a C C A A T c a C C A A T g a a c t c a a a a t t t 1 3 6 0 
會 # • • 
1 3 6 1 t a a g g c a a c & a g g 七 a t c t t a t t t t t t a a g t t a a a c c a a c a a a t c t t t t t t a c a g t g t a g t 1 4 2 0 
* * * • • • 




• • • ‘ . . . 
M e t L e u L y s L e u L e u A r g l l e S e r P h e A r g L e u I 
1 4 8 1 t c c g g t a t t a t t t t t t c t t t c t t c a g A T G T T G A A G C T C C T T C G C A T C T C T T T C C G C C T C A 1 5 4 0 
• • • • . . 
l e G l u S e r T r p G l u P h e P r o S e r G l n T h r L e u S e r G l y A l a V a l S e r A s n S e r L e u T h r V 
1 5 4 1 TTGAGTCCTGGGAGTTCCCCAGCCAGACCCTGAGCGGAGCCGTCTCAAACAGTCTGACCQ 1 6 0 0 
• • . CCAG . . 
a l G l y A s n P r o A s n G l n l l e T h r G l u L y s L e u A l a A s p L e u L y s V a l G l y l l e S e r V a l L 
1 6 0 1 TCGGGAACCCCAACCAGATCACTGAGAAGCTGGCCGACTTGAAAGTGGGCATCAGCGTGC 1 6 6 0 
‘ • • • • • 摯 
e u l l e L y s 
1661 TCATCAAGgtgagagagaccagatttattctaggctactctgttttttcatacaatgtgt 1720 
• • • • • • 
1721 ctagtggtcatacctggaggtgtgatgacatctttacatcttcagggcttatt tggatag 1780 
G l y C y s L e u A s p G l y G l n P r o A s n 
1 7 8 1 c a a t g a c a t a a t t t t t t g c c a t t t g t a t c t g c a c a g G G A T G T C T G G A T G G T C A A C C A A A C 1 8 4 0 
• • • 參 • • 
M e t A s p A s p A s n A s p S e r L e u P r o L e u P r o P h e G l v i A s p P h e T y r L e u T h r M e t G l y G l u 
1 8 4 1 ATGGATGATAACGACTCCCTGCCACTGCCTTTTGAGGATTTCTACTTGACCATGGGGGAG 1 9 0 0 
• • • • 參 • 
S e r S e r L e u A r g G l u S e r P h e A r g L e u L e u A l a C y s P h e L y s L y s A s p M e t H i s L y s V a l 
1 9 0 1 AGCAGCCTCAGAGAGAGCTTTCGTCTTCTGGCTTGCTTCAAGAAGGACATGCACAAGGTG I 9 6 0 
• • • 參 • • 
G l u T h r T y r L e u A r g V a l A l a A s n C y s A r g A r g S e r L e n A s p S e r A s n C y s T h r L e u E n d 
1 9 6 1 GAAACTTACCTGAGGGTTGCGAATTGCAGGAGATCCCTGGATTCAAACTGCACCCTGTAG 2 0 2 0 
CAAT . CAAT 
2 0 2 1 a t g g c g C C A A T g t a t t g c t a g c c a a a g c c t g t g a c a c a c t t t g c t g c a a a t c t a a a a C C A 2 0 8 0 
. MYO . 
2 0 8 1 A T t t a a g t c c t c A A A A T C T c c t a a t a t a a t t a t t a t c t g g t c t t a t a t a t g c a g g a a a t g 2 1 4 0 
g . / a a / • GRE . • . . 
2 1 4 1 t c a a c c a g g c a t g g c t a g g t c T G T T C T c t a g t t c c c t c c c a t a t c t a a a c c c a a c a c t a t 2 2 0 0 
• • • • • • 
2 2 0 1 t g t a t t t a t t c t t c t c a t t g g g g a g t g c t c g t a a a t t a a a g a c a t t a a g a t c t g a t t t a a 2 2 6 0 
. . D I R E C T REPEATS . . . 
2 2 6 1 c a t t t c a c a g t g g t g c t a a G C A A T A T A T g G C A A T A T A T t t t c a a a t g t g c c c a a a t c g c t 2 3 2 0 
參 • • 參 參 會 
2 3 2 1 t t g a c t t t a g t a t t t t a t g g c t c c a a a a a t g g c t a g a t g c c t t t t g t c g a a a c t g t c a t t 2 3 8 0 
c • • — • / a a. a./ • . • 
2 3 8 1 t g g a t g g a t g g g t t c a c t c c c a a c c a a g t g t a t g a a t g t a a a c a t t t g t c t g t c t g a t a g 2 4 4 0 
. . GRE . . dGHFl POLY A 
2 4 4 1 a t t a t g t c c a t a t t a t t a G C T C A t g c T G T T C T c t t g a a g c t g t g t g t C T T T A T C C A T T A A 2 5 0 0 
. CCAAT . . . 
2 5 0 1 A t t t c t a a a c t g c a t C C A A T g t g t c t g c t g t a t g a c c t g t g t g g t t t a t t t t t t t c t a c c 2 5 6 0 
書 參 • • • 拳 
2 5 6 1 c g t c t c a a c a t t a c a c g t a c c t t a c a t t t t c a c t g c t c g g a t a t t c a t c a a a a t c a g t c c 2 6 2 0 
• • • • • • 
2 6 2 1 . t a t c a t c c g t c c a c a a t g a a c g a g t t c a a a a t g g a c c g a a a a a a a t g a c c a g g a t c t g a a 2 6 8 0 
• • • 參 參 争 
2 6 8 1 t a g g c t a a a c t t t t a c c t t t a g t t t a a t a a a t a a a a t g c a a a a g t t t t g c a a a a a t a a t a 2 7 4 0 
2 7 4 1 a a t a a t t t t t t a a g c 2 7 5 5 
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3.2 Sequence analysis of the GH gene 
The regulatory elements of the GH gene were identified by comparison with 
known consensus sequences. Putative elements for glucocorticoid receptor (GR), T3 
receptor (T3R), cAMP binding protein (CREB), myosin element binding protein, 
TFIID, growth hormone factor 1 (GHF1) and silencer binding protein 1 (SBP1) were 
located in the 5'-flanking region of the GH gene. Additional elements for 
glucocorticoid receptor, myosin element binding protein, growth hormone factor 1 
and CAAT binding protein (CBP) were located in the introns and 3，-flanking region. 
Comparison of the putative regulatory elements to their respective consensus 
sequence is shown in Table 3.1 a &b. Palindromes and multiple repeats located are 
shown in Table 3.2. 
Among the putative control elements, the tissue-specific element GHF1 is of 
particular interest. In human and rat, GHF1 occupies two regions, the proximal and 
distal sites, upstream of the TATA box. The consensus sequence of the pGHFl and 
dGHFl are 5' ATGCATAA 3' and 5' AATTATCCAT 3，respectively. All of the 
putative pGHFl elements of the grass carp GH gene were located upstream of the 
TATA box, at -58/-51, -99/-92 and -1078/-1071 (Fig. 3.6). Altogether, there are 
four dGHFl element identified and they are located 5，to the TATA box at 
-111/-105, -310/-301 and within intron 2 at 845/854 in proximity to a GRE and 
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within the 3'-untranslate region at 2488/2497 overlapping partially with the poly A 
site. 
In human or rat, only a pair of dGHFl and pGHFl was found within the 
whole gene and they reside upstream of the TATA box. It is interesting to locate 
six of them in the grass carp GH gene. However, it should be pointed out that in 
the human or rat PRL gene, tissue-specific element LSF1 was located at five 
different sites in the 5'-flanking region (Karin et al., 1990). 
In the grass carp GH gene, the GHF1 that is most likely to be functional may 
be the dGHFl at -111/-105 and the pGHFl at -99/-92 or -58/-51. This is true, 
because the dGHFl and pGHFl in rat were found at -125/-115 and -88/-79 of the 
GH gene (Schaufele et al., 1990). 
Sill is a silencer element recognised by a NF-1 like factor. It is originally 
identified in rGH gene (Roy et at.，1992). It is responsible for the repression of GH 
expression in non-pituitary cells. A Sill is located at -410/-396 of the grass carp GH 
gene overlapping a stretch of alternating A/T residues. 
In human and rat, transcription of GH gene is induced by the hormones such 
as GHRH, T3 and glucocorticoids. The actions of GHRH, T3 and glucocorticoids 
are mediated by CRE, TRE and GRE respectively. These response elements have 
been located in the human and rat GH gene. In the grass carp GH gene, all of these 
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three response elements can be found. However, the sequence of CRE in the grass 
carp GH gene showed variation from the consensus CRE sequence. The consensus 
CRE sequence consists of eight contiguous bases 5’ TGACGTCA 3, whereas the 
putative CRE of the grass carp GH gene is GTCANNNTGAC, which shows an 
inversion of the 5'-half with the 3'-half and the presence of a few intervening bases. 
TRE and GRE are recognised by the hormone-loaded receptors TR and GR, 
respectively. In rat, an additional nTRE was identified immediate downstream of 
the TATA box. GR binds glucocorticoids through its hormone-binding domain. The 
hormone-loaded GR forms dimers and translocates to the nucleus to activate 
transcription. GRE is composed of two palindromic half-sites which is recognized 
by a dimeric GR (Muller, 1991). In the grass carp GH gene, six GRE was located. 
However, only two of them consists of palindromic half-sites. Since the inverted 
half-sites are generally believed to be involved in the binding of the dimeric GR, it 
is not sure whether GRE having single half-site can function properly. TR is another 
member of the hormone receptor family and functions like the GR. 
The MYO element is found throughout the a orB myosin heavy chain gene 
including the 5，-flanking region, exons and introns. It is not clear what factors are 




Table 3.1 a 
Putative regulatory elements in the grass carp GH gene. 
Comparison of potential regulatory element sequences in grass carp 
GH gene with known consensus sequences. Orientation are indicated 
by (+) or (-) for coding and noncoding strand. 
Element F a c t o r I d e n t i t y 5• Consensus sequences 3 • 
Pos• Pos . 
GRE GR GKACANNNTGTYCT 
( - ) 6 / 6 -1187 TGTCCT -1192 
( - ) 6 / 6 - 8 3 1 TGTCCT - 8 3 6 
(+ ) 1 3 / 1 4 -586 TGACAACGTGTCCT - 5 7 3 
(+ ) 6 / 6 863 TGTTCT 868 
(+ ) 6 / 6 2162 TGTTCT 2167 
( + ) 12 /14 2459 GCTCATGCTGTTCT 2472 
TRE TR GATCANNNNNNTGACC 
( - ) 1 1 / 1 6 - 7 4 GATAGTTTCCTTGCTT - 8 9 
CRE CREB TGAC GTCA 
(+ ) 4 / 8 -904 GTCA - 9 0 1 
(+ ) 4 / 8 -896 TGAC - 8 9 3 
(+ ) 4 / 8 -715 GTCA -712 
(+ ) 4 / 8 "708 TGAC 一 705 
MYO ？ AAAATCT 
(+ ) 7 / 7 -1160 AAAATCT -1154 
(+ ) 7 / 7 -1134 AAAATCT -1128 
(+ ) 7 / 7 -284 AAAATCT - 2 9 1 
(+ ) 7 / 7 485 AAAATCT 591 
(+ ) 7 / 7 2093 AAAATCT 2099 
CART CBP GGYCAAWCT or GCCAAT 
(+ ) 6 /9 1334 AACCAATCA 1341 
(+ ) 5 /9 1340 CACCAATGA 1349 
(+ ) 7 / 9 2025 CGCCAATGT 2033 
(+ ) 6 / 9 2076 AACCAATTT 2084 
(+ ) 6 / 9 2014 ATCCAATGT 2522 
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Element F a c t o r I d e n t i t y 5• Consensus sequences 3 • 
Posi Pos . 
pGHFl GHF1 A T G C / A A T A A 
(+ ) 7 / 8 -1078 ATGCATAT - 1 0 7 1 
(+ ) 7 / 8 - 9 9 ATGCATAT - 9 2 
( + ) 7 / 8 - 5 8 ATGCATAT - 5 1 
dGHFl GHF1 AATTATCCAT 
(+ ) 5 / 1 0 - 1 1 1 AA-TA--CAT -105 
(+ ) 8 / 1 0 -310 TATTTTCCAT - 3 0 1 
(+) 9 / 1 0 845 AATTATCCCT 854 
(+ ) 8 / 1 0 2488 CTTTATCCAT 2497 
S i l l SBP1 TACCCTG C CA6AGTA 
( + ) 10 /15 - 4 1 0 CACCCTG T CAAATAA -396 
TATA TFIID TATAWAW 
(+ ) 7 / 7 -150 TATAAAT -145 
(+ ) 7 / 7 - 3 1 TATAAAT 一 27 















































































































































Putative regulatory elements. Positions located within the 
grass carp GH gene are indicated. Palindromes and multiple repeats 
are underlined. 
P o s i t i o n Sequence P o s i t i o n 
P a l i n d r o m e s 
- 1 0 4 3 CAAAAAT AC ATTTTTG 一 1 0 2 8 
- 6 7 3 ACAAAG G GAAACA - 6 6 1 
- 5 0 0 CAA C CACTA TAGTG A TTG - 4 8 3 
- 3 3 4 ATTTT C AAAAT - 3 2 4 
M u l t i p l e r e p e a t s 
- 4 0 1 AAAT AAAT AAAT TAAAT TAAAAAT AAA - 3 7 5 
- 2 5 8 TTTCTTTCA TA TTTCTTTCA - 2 3 9 
2 2 8 0 GCAATATAT G GCAATATAT 2 2 9 8 
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Although a number of putative regulatory elements were identified by 
comparison with known consensus sequence and the response of GH gene to 
different stimuli are readily explained by the presence of some of these control 
elements, the significance of them must be confirmed by functional analysis. 
A common way to study a promoter is by linking it to a reporter gene. The 
amount of the reporter gene product generated in such a system usually parallels the 
transcription activity driven by the tested sequence. 
3.3 Functional analysis of the 5，-flanking region 
In this study, the functional significance of the 1.2 kb region immediately 
5，to the grass carp GH gene was analyzed by a series of chimeric constructs 
consisting of the GH promoter and the reporter gene, chloramphenicol acetyl 
transferase (CAT). Expression was tested in pituitary and non-pituitary cell lines as 
well as in zebrafish embryos. 
The 5'-flanking region (-1220 to +13) of the grass carp GH gene was 
amplified by PCR from the plasmid SE1. In this way, two different restriction 
enzyme sites (BamlL I and Sst I) were engineered at each end of the PCR product 
which in turn was inserted upstream of the CAT gene in the reporter plasmid 
pGCAT-A to generate pGHCAT (Fig. 3.7, 3.8). The plasmid maps of pGCAT-A 




Sequences and location of the pair of PCR primers 
(PCR B) and (PCR C) used for the PCR of the 5'-flanking 
region of grass carp growth hormone gene. 
EcoRI ATG Sst I 
pUC 18 PCR c 本 I II III 
• PCR B 
+13 +1 -14 
I i 各 
PCR B 5' GCGC GAGCTC CT TGT GAA CGT TTG TTT TCC TGG CTC A 3_ 
GC clamp Sst I 
一 一 ~ -1220 -1216 
pUC sequences ! ^ 
PCR C 5' TTTTT GGATCC CAG GAA ACA GCT ATG ACC ATG ATT AC GAATTC 3' 




Agarose gel analysis of PGR product from plasmid SE1 using 
PCR B and PCR C as PCR primers. Lane 1 and 2 are the PCR 
products (1281 bp), lane 3 is the negative control without template 








1 2 3 • 
MI 
一 1.353 k b 
^ " ^ ^ • ^ • i i i ^ ^ E I n —1-078 
0 # 8 7 2 
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I I \ 0.271 
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• 0.194 
• 
L — — — — . … … … 
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The PCR insert of pGHCAT was sequenced since PCR can sometimes 
introduces mutations during polymerization. Most of the promoter fragment 
(1.22 kb) was unaffected except at position -1150 where an A — C transition was 
observed (Fig. 3.14). The integrity of the plasmid pGHCAT was also confirmed by 




Agarose gel analysis of the plasmid pGHCAT in 0.8% agarose 
gel and TBE buffer. Lane 3 and 5 are the uncut plasmid. BamBI， 
BamHl+Sstl and BaniHl+Sacl digestion are shown in lane 1，2 and 
4 respectively. Lane 6 shows the lambda DNA Hin皿 and 
</>X174Haein marker. 
+ ^ 
二忍 = I 
T3 5" c 卜 •— r-
工X 
1 2 3 4 5 < 分 
• V 
— 6 . 5 6 k b 
• I — 4 . 3 B 
— 1 . 0 7 8 
丨 o 
I 






Agarose gel analysis of the plasmid pGHCAT digested by 
different restriction enzymes. Lane 1: BamBl+Sstl, lane 2: 
BamBI+Sacl, lane 3: Pstl，lane 4: BamBl and lane 5: uncut 
pGHCAT. 
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A nested-deletion library of pGHCAT was produced by timed digestion with 
exonuclease i n and SI nuclease. The deletion started from the 5,- end and a set of 
deletion mutants with decreasing length of the 5'-flanking region was generated 
] (Fig. 3.11). 
Twenty one deletion mutants were generated and their structures were 
confirmed by restriction enzyme mapping (Fig. 3.12) and DNA sequencing 
(Fig. 3.13 a &c b). They are designated by the number of bases upstream of the 
transcription start site. The set of clones are designated as follows: pl077GHCAT, 
I p986GHCAT, p787GHCAT, p759GHCAT, p742GHCAT, p692GHCAT, 
p656GHCAT, p608GHCAT, p598GHCAT, p594GHCAT, p520GHCAT, 
p503GHCAT, p495GHCAT, p463GHCAT, p459GHCAT, p450GHCAT, 
I p448GHCAT, p446GHCAT, p322GHCAT, p221GHCAT and pll5GHCAT. The 
positions of the deletions are shown in Fig. 3.14. 
/ 
丨  i 2 1 
i 1', . 1 : . ‘ 
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Fig. 3.15a 
Agarose gel analysis of nested deletions. The figures above 
each lane are time in minutes used for the exonuclease HI digestion 
at 30 °C. pGHCAT and pGCAT-A have been linearized by Pstl and 
SsfL respectively. 
I 
^ < 一 卜 丨 = 
^ 5 J 
艺 o 2 4 5 6 7 8 9 I < 
WjjjjgM 
i C } I — 2 3 . 1 3 k b 
| ::]、::,. f、一J • — 6 . 5 6 
！ O c • — 4 . 3 6 
c:二 • — 2.32 




Agarose gel analysis of. the deletion library of plasmid 
pGCAT-A in 0.8% agarose and TBE buffer. The length of 
5，-flanking sequences of the grass carp GH promoter in each deletion 
mutants are shown. 
Lane Lane Lane 
3 pl077GHCAT 11 p598GHCAT 19 p446GHCAT 
4 p986GHCAT 12 p520GHCAT 20 p322GHCAT 
5 p787GHCAT 13 p503GHCAT 21 p221GHCAT 
6 p759GHCAT 14 p495GHCAT 22 pll5GHCAT 
7 p742GHCAT 15 p463GHCAT 1,25 lambda Hindm 
8 p692GHCAT 16 p459GHCAT marker 
9 p656GHCAT 17 p450GHCAT 2 pGHCAT(所"dill) 
10 p608GHCAT 18 p448GHCAT 23 pGCAT-A 
(Ba^HI+^/I) 
I l -
. E x o g S S S S S c D i n i o m ^ ^ ^ ^ ^ ^ r c o W ' - o .E 
乏 ^<]<\<] <<<<<<< <<<<<<<<< 玄乏 
• — 2 3 . 1 3 k b 
— 9 . 4 2 
— 2 - 3 2 




| Fig. 3.13 
DNA sequencing of some of the deletion mutants of pGHCAT, 
The joint region between the vector sequence and the grass carp GH 
promoter sequence are indicated by arrows, (a) p495GHCAT, 
p787GHCAT, p759GHCAT, p503GHCAT and p742GHCAT. 
(b) pl077GHCAT, p459GHCAT and p692GHCAT. 
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The extent of deletions in the deletion mutants of pGHCAT 
are shown in this diagram. Deletions arc marked by the 
double-underliued bases. For example, nt position -115, the deletion 
mutant pll5GHCAT is found. A mutation introduced by the VCR is 
located at position -1150 (marked by an asterisk) where a transition 
from A G is identified. The sequence of the parent plasmid 
pGCAT-A is shown in italics. The transcription start site (+1) was 
derived from the grass carp GH promoter and the start codon (ATG) 
was derived from the CAT reporter gene. The multicloning site 
(MCS) of pGCAT-A is marked by the symbols，•…V. During 
nested-deletion, the plasmid pGCAT-A was linearized by Pst I and 
BarhR I. The deletion mutants were confirmed by Hind III digestion 
and DNA sequencing. 
-»MCS 
. . . / / S e q u e n c e s o f pGCAT-A //...TAATACQhCTChCTATAQOOAQACCC^AAQ 
HlnA. IU /Vf I &»nH I 
CTTGCATOCCTGCAGOTCOACTCTAOAGOATCCcBigg a a a c a g c t a t g a c c a t g a t t a c O 
EcoR i ORE (c) 
- 1 2 2 0 A A T T C c t t c c a t t g a t g t t t c t t a g g a t A G O A C A a t a t t t g g c t g a g a t a c a a c t a t t t g - 1 1 6 1 
MYO MYO 
- 1 1 6 0 A A A A T C T g g a g t c t g a g g g t g c a c a a A A A A T C T a a a t a t t g a g Q a a a t c g c c t t t n a a g t - 1 1 0 1 
* pGHFl PALINDROME 
- 1 1 0 0 tg tc taaatgaagtcct tagcaATaCATATccactcaCAAAAATacATTTTTOatQtat t - 1 0 4 1 
一 1 0 4 0 t a c a g t a g g a a a t g t a c a a a a t a t c t t c a t g g a a c a t g a t c t t t a c t t a a t t t c £ t a a t g - 9 8 1 
- 9 8 0 a t t t t t g g c a t a a a a g a a a a a t c g a t a a t t t t g a c c c a t a t a a t g t a t t g t t g g c t a t t g - 9 2 1 
CRE 
- 9 2 0 c t a c a a a t a t a c c c g t G T C A c t t a T G A C t g g t t t t g t g g t c c a g g g t c a c a t a t a g t t a a - 8 6 1 
GRE(c) 
- 8 6 0 t g a a t t a t c t a a c t t t a a c t g t c c A G G A C A c a t t g c t a c t c t t t g g t c c t t a t a c c g c t a - 8 0 1 
- 8 0 0 a c c t a a a g t g a c a c c c a a a a c a g c t a t a a g g g t c a g g t a a c ^ g a t t g t a t t c t g t t t t ^ o - 7 4 1 
CRE 
- 7 4 0 c c t g a a a a g g g a t t a a a c t a t t a a t G T C A c g c T O A C a t t t c a c a a c c c ^ a c t a c t g c t g a - 6 8 1 
PALINDROME 
- 6 8 0 a t a t t a c A C A A A G g G A A A C A a c a c ^ t c t g c a t a g g a a a a t c c t c a c a c a t c c c c a c a g t g - 6 2 1 
丄 ORE 
- 6 2 0 a c a c g t a t a t g a c c t g a t t c a c t c t c a ^ t a a t t a t T G A C A a c g T O T C C T t t t g g a a g g a a a - 5 6 1 
- 5 6 0 t g a c a c c a t t t a c a g g t t a c g t g g c g a t g c t a c a c a c a t c ^ t a t a g c g c t g t g t g a a ^ g a - 5 0 1 
PALINDROME 
- 5 0 0 C A A c C A C T A T A G T G a T T O a a a c a t t t a g c c t a a a c t c t g g c t t a t t t a c a Q t ^ c ^ t c t t t - 4 4 1 
“ SIL1 MULTIPLE REPEATS 
-440 4^-g4-j-ga^ 4-na^ 4^-ga4->agrAhagCfltiaaCACCCTQTCAAATAAATAAATTAAATTAAA -381 
PALINDROME 
- 3 8 0 A A T A A A c a c a a c t a g c t t a t a g t t g c t t a t g a g t t g t t t g t a g a a c A T T T T c A A A A T a ^ a - 3 2 1 
dGHFl MYO(c) 




- 2 6 0 tgTTTCTTTCAtaTTTCTTTCAaatgatacaaaagatttcattcatattcaataaataaa - 2 0 1 
TATA 
- 2 0 0 a t g a t g a c c t t t t g g c t t t t t c t t a g t g c c a a c a a c a t c a t g g a a a t t g a T A T A A A t g a c -141 
dGHFl pGHFl TRE(c) 
- 1 4 0 tggaaccacaacactaatgtttttgtctaAATACATgtagcATGCATATtaAAGCAagga - 8 1 
PGHFl TATA 
- 8 0 a a C T A T C a t g t t t c t g a t t a g g A T G C A T C A a a a c a t g t t c a t g c c a c a T A T A A A t a t c a g - 2 1 
+ 1 Sstl 
- 2 0 tatacctgagccaggaaaacAaacgttcacaagGAGCTC^GAArTAGCTTGGCGAGATTr 
TCAGGAGCTAAGGAAGCT/UUiATGGAGAAAAAAATCA 
I I CAT Sequence of pGCAT-A / / 
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The deletion constructs were transiently transfected into pituitary and 
non-pituitary cell lines by using the transfection reagent DOTAP. Pituitary and 
non-pituitary cell lines are used for the determination of the effects of tissue-specific 
and negative regulatory elements, respectively. Since the series of plasmid 
(pGCAT-A and the deletion mutants) used carry no viral origin of replication, the 
plasmid copy number remains constant and is determined by the efficiency of 
transfection. After about 72 hours of transfection, cells were harvested and assayed 
for CAT activity. 
The non-pituitary cell lines used in our study were Cos-7 (SV40 transformed 
monkey kidney cells), HepG 2 (Human hepatoma) and FSF (foreskin fibroblast). 
Deletion mutants pl077GHCAT, p986GHCAT, p463GHCAT, p450GHCAT, 
p446GHCAT, p221GHCAT and pll5GHCAT conferred CAT activity in Cos-7 
cells. However, the plasmid pGHCAT having the 1220 bp 5，-flanking sequence of 
the grass carp GH gene and some other deletion mutants were inactive in Cos-7 
(Fig. 3.15 a,b). These results are summarized diagrammatically in Fig. 3.17. These 
results show the existence of positively- and negatively- regulating elements at the 
5'-flanking region of the grass carp GH gene. Since pGHCAT was inactive but 
pl077GHCAT was active, a repressing element may exist between position -1220 
and -1077. Similarly, since p986GHCAT is active and p742GHCAT is silent, a 
postively-acting element may exist between position -986 and -742. Along this line 
of reasoning, repressing elements may be located between position -1220/-1077, 
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-495/-463, -459/-450 and -322/-221 and positive elements between -986/-742 and 
-463/-459. 
Deletion mutants were also transfected into the pituitary cell line GHp 
pGHCAT, which was silent in Cos-7, became active in GHj. This result suggests 
that the proposed repressing elements between -1220/-1077, which has no effects in 
GHly may be a tissue-specific repressor element which is only active in Cos-7 cells. 
In GH!, the CAT activity of the deletion mutants showed a decreasing trend in 
proportion to the size of deletion (Fig. 3.16). As suggested by Karin et al. (1990), 
the tissue-specific factor GHFl is required for basal transcription and additional 
factors, such as GR, TR or CBP, are needed for further regulation. Thus, the 
decreasing trend of CAT activity as the length of the promoter is shorter, may be 
explained by the fact that there was a lost of regulatory elements as the 5’-flanking 
region of the grass carp GH gene was being deleted. On the other hand, since all 
of the deletion mutants were able to express a residue amount of CAT activity, the 
-115/+1 fragment must somehow be able to function in these pituitary cells. 
Transfection of deletion mutants into HepG2 (Fig. 3.18) and FSF (Fig. 3.19) 
conferred no CAT activity. This may due to a difference in the mechanisms of 
suppression among Cos-7, HepG2 and FSF. In order to suppress GH expression, 
HepG2 and FSF may only require the absence of tissue specific transcription factors 
(e.g. GHFl) but Cos-7 cells may require both the absence of such factor and the 




CAT assay of Cos-7 after transfection of deletion mutants of 
pGHCAT. 
Lane Lane Lane 
1 pl077GHCAT 6 p520GHCAT ’ n e g a t i v e control 
2 p986GHCAT 7 p446GHCAT (without cell 
3 p742GHCAT 8 p322GHCAT extract or CAT 
4 p692GHCAT 9 p221GHCAT enzyme) 
5 p598GHCAT 10 pll5GHCAT ’+，： positive control 
(with CAT 
enzyme) 
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CAT assay of Cos-7 after transfection of deletion mutants of 
pGHCAT. 
Lane Lane Lane 
1 p787GHCAT 6 p495GHCAT ,-’： negative control 
2 p759GHCAT 7 p463GHCAT (without cell 
3 p656GHCAT 8 p459GHCAT extracts or CAT 
4 p608GHCAT 9 p450GHCAT enzyme) 
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CAT assay of GHi after transfection of deletion mutants of 
pGHCAT, 
Lane Lane 
1 pGHCAT ’- ： negative control 
2 pl077GHCAT (without cell 
3 p986GHCAT extracts or CAT 
4 p322GHCAT enzyme) 
5 p221GHCAT ’ +，： positive control 
6 pll5GHCAT (with CAT enzyme) 
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I Fig. 3.18 
CAT assay of HepG2 after transfection of deletion mutants of 
pGHCAT. 
Lane Lane 
1,3 p322GHCAT ’-,: negative control 
2,5 pll5GHCAT (without cell extracts 
4 p221GHCAT or CAT enzyme) 
’ + ’： positive control 
(with CAT enzyme) 
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I Fig. 3.18 
CAT assay of FSF after transfection of deletion mutants of 
pGHCAT. 
Lane Lane 
1 p322GHCAT ，-’： negative control 
2 p221GHCAT (without cell extracts 
3 pll5GHCAT or CAT enzyme) 
’ +，： positive control 
(with CAT enzyme) 
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4.1 DNA sequence comparison between grass carp GH gene and 
I other organisms 
In this discussion, we compared the grass carp GH DNA and its deduced 
protein sequence with those of other organisms. Such comparison enable the 
identification of conserved DNA and amino acid sequence which in turn would 
provide insights into the evolution of the GH gene. 
Comparison between DNA or amino acid sequence and their manipulation 
was carried out by using the sequence analysis software package of the genetics 
computer group (GCG) version 7.1 (3/92) (Devereux et al., 1984). 
All DNA sequences used in comparison were retrieved from the European 
Molecular Biology Laboratory Nucleotide Sequence Data Library (EMBL) release 
29.0 (12/91) and the GenBank Genetic Sequence Data Bank (GenBank) release 70.0 




The gap function of the GCG program was employed to align the grass carp 
and common carp GH gene. The percentage of identity between grass carp and 
common carp DNA sequence is about 80%. Interestingly, the putative dGHFl and 
pGHFl identified in the 5'-flanking region of grass carp GH gene corresponds to 
two regions in the common carp GH gene having similar base sequences. This 
provides a further support for the location of the two putative tissue-specific element 
(dGHFl and pGHFl). The TATA box of the grass carp GH gene and the common 
carp GH gene were located at similar locations relative to the transcription start site. 
In addition, a tandem repeat (5' AACTCTCATG 3，）reported in the common carp 
GH gene (Chiou et al.,1990) was found to be missing in the grass carp GH gene 
which carries only a copy of the repeat sequence. 
I 
The immediate 5'-flanking region of various GH gene was analysed by 
comparison of the sequences between a number of mammals such as human 
(DeNoto et al., 1981)，rat (Barta et al., 1981)，goat (Kioka et al., 1989)，pig (Vize 
and Wells, 1987), bovine (Gordon et al., 1983) and sheep (Byrne et al., 1987) and 
teleosts such as rainbow trout (Agellon et al., 1988)，salmon (Male et al., 1991) and 
common carp (Chiou et al., 1990) genes. The result is shown in Fig. 4.1. 
The Spl binding site (5， TGGGAGGAGC 3，）， dGHFl 
(5，AATTATCCAT 3，）and pGHFl (5’ ATGCATAA 3，）of the human GH were 
used as reference points for the identification of such elements in other organism. 
The consensus sequence of the Spl binding site was found only in all the mammals 
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but not in any of the teleosts. However, both of the dGHFl and pGHFl binding site 
can be located in all of the organisms. It is interesting to note that, in all mammals, 
the intervening base sequence between the Spl binding site and dGHFl is conserved 
which is 5' TTCTA 3’ and the distance between dGHFl and pGHFl are separated 
by about 40 bp and that of grass carp and common carp are separated by only 5 bp. 
The functional significance of the distance between the tissue-specific 
elements dGHFl and pGHFl is not clear but since the proximal and distal sites are 
recognized by the transcription factor GHF1, it is possible that the distance may 
affect the interaction between GHFls that bind to pGHFl and dGHFl binding sites. 
Among all of the sequences compared, the TATA box was found at 
20 - 40 bp upstream of the +1 site. TATA box is recognized by the general 
transcription factor TFIID. Other general transcription factors required for the 
initiation of transcription includes TFIIA, TFIIB, TFIIE and TFIIF 
(Mermelstein et al., 1989). TFIIA stabilize TFIID binding to TATA box. TFIIA 
and TFIID are together required for the formation of a committed complex. TFIIB, 
RNA polymerase II, TFIIE and TFIIF bind to the complex sequentially. TFIIB, 
TFIIE and TFIIF (which interact with RNA polymerase II) are required for the 
formation of preinitiation complex. 
When the number of exons and introns of the GH gene of mammal and 
teleost are examined, it was noted that all of the mammalian species and the carp 
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species (common carp and grass carp) have 4 exons whereas the Salmo species, 
rainbow trout and Atlantic salmon, have five. The additional intron of the salmons 
interrupts the translated region of last exons of mammals. Agellon et al. (1988) 
suggested that such divergence of the two Salmo species probably took place after 
the evolutionary separation of fish from tetrapods. 
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I Fig. 4.1 
Alignment of the GH gene 5�flanking sequences of different 
species, A number of conserved promoter control elements are 
identified. For example, Spl binding sites (boldfaced), distal growth 
hormone factor 1 binding sites (underlined) and proximal growth 
hormone factor 1 binding sites (double-underlined). Two direct 
repeats reported in common carp (italics) is absence in grass carp. 
The DNA sequences are retrieved from GenBank release 70.0 and 
EMBL databases release 29.0 by the sequence analysis software GCG 
program version 7.1 (Devereux et al., 1984). 
Human GAAAGATGAC AAGCCAGGGG CATGATCCCA G CATGTGT 
Rat AGGTAAGATC AGGGACGTGA CCGCAGGAGA GCAGTGGGGA CGCGATGTGT 
Goat GATGAGCCTG GGGGACATGA CCCCAGAGAA GGAACGGGAA CAGGATGAGT 
P i g CCCG GGGGACATGA CCCCAGAGGA GGAGCGGGAA CAGGATGAGT 
Bovine ACA.AGCCTG GGGGACATGA CCCCAGAGAA GGAACGGGAA CAGGATGAGT 
Ovine ACG.AGCCTG GGGGACATGA CCCCAGAGAA GGAACGGGAA CAGGATGAGT 
Rainbow t r o u t TCCCGAACTC ATGGAAAAAT TCATGATTGA TTTGACGCAT TATACTGATT 
Salmon TTCCAAACTC ATGGAAAAAT GTAGGATTGA TTTGACGCAT TATAGTGATT 
Common carp CATGGAAATA GCCATACACA TAAATGACCG GAACCGCTAC ACTGGTTCGT 
Grass carp CATGGAAATT GATATAAATG ACTGGA.ACC ACAACACTA. ATGT 
Human GGGAGGAGCT TCTAAATTAT CCATTAGCAC AAGCCCGTCA GTGGCCCC" 
Rat GGGAGGAGCT TCTAAATTAT CCATCAGCAC AAGC.TGTCA GTGGCTCCAG 
Goat GA6A66AG6T TCTAAATTAT CCATTAGCAC A.GGCTGCCA GTGGTCC... 
P i g G6GA6GAGGT TCTAAATTAT CCATTAGCAC ATGCCTGCCA GTGGGCC.•• 
Bovine GAGAGGAGGT TCTAAATTAT CCATTAGCAC A.GGCTGCCA GTGGTCC… 
Ovine GAGAGGAGGT TCTAAATTAT CCATTAGCAC A.GGCTGCCA GTGGTCC.•• 
Rainbow t r o u t GTTCCATAGT CACATACAAA AACAGGTCCC ATCGGCGAGA GGTGGTACAT 
Salmon GTTCCACAAT CACATACAAA AACAGGTCCT ATTAATGAAA GGTGGTAAAT 
Common carp ATGGTGTCTA AATACACGCA GCAATGCATA ATCAAACATA GTTCTCATGG 
Grass carp . TTTTGTCTA AATACATGTA GC. ATGCATA TTAAAGC AAGG 
Human ..ATGCATAA ATGTACACAG AAACAGGTGG GGGCAACAGT GGGAGAGAAG 
Rat CCATGAATAA ATGTATAGGG AAAGGCAGGA GCCTTGGGGT CGAGGAAAAC 
Goat ..TTGCATAA ATGTATAGAG CACACAGGTG GGGGGAAAGG GAGAGAGAAG 
Pig ..ATGCATAA ATGTATAGAG AAAATAGGTG GGGGCAGAGG GAGAGAGAAG 
Bovine ••TTGCATAA ATGTATAGAG CACACAGGTG GGGGGAAAGG GAGAGAGAGA 
Ovine ..TTGCATT^A ATGTATAGAG CACACAGGTG GGGGGAAAGG GAGAGAGAAG 
Rainbow t r o u t GGAG.AAAAT CTCATGTTTC CTCCTGTTGA TACATTAAAA CATGTGTTCT 
Salmon GGATGAAAAT CTCATGTTTC CTCCTGGTGA TACATTAAAA CATGGGTTCC 
Common carp hAACTCTCAT GTTTCAACrC TCATGCATTh AGATGCATTA AAACATGTTC 
Grass carp AAACTATCAT GTTTC TGATTA GGATGCATCA AAACATGTTC 
TATA box +1 
Human GG..GCCAGG GTATAAAAAG GGCCCACAAG AGACCGGCTC AAGGATCCCA 
Rat .A..GGTAGG GTATAAAAAG GGCATGCAAG GGACCAAGTC CAGCACCCTC 
Goat AA..GCCAGG GTATAAAAAG GGCCCAGCAG AGACCAATTC CAGGATCCCA 
P i g AG..GCCAGG GTATAAAAAG GGCCCAAAAG GGACCAATTC CAGAATCCCA 
Bovine AGAAGCCAGG GTATAAAAAT GGCCCAGCAG GGACCAATTC CAGGATCCCA 
Ovine •.AAGCCAGG GTATAAAAAG GGCCCAGCAG AGACCAATTC CAGGATCCCA 
Rainbow t r o u t CCATCTATAA AAACAGTGGC CCCAAACAAG CGGC^ ACATA CTGAACCGAC 
Salmon CCATCTATAA AAACAGTGGT CCCAAACAAA CAGCAACATA CTCAACCGAC 
Common carp ATGCCACATA TAAATATCAG •.TACCTGAG CCTGAAAAAC A….AACAT 
Grass carp ATGCCACATA TAAATATCAG TATACCTGAG CCAGGAAAAC A AACGT 
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(cont'd) 
Human AGGCCCAACT CCCCGAACCA CTCAGGGTCC TGTGGACGC. TCACCTAGCT 
Rat GAGCCCAGAT T.CCAAACTG CTCA.GGTCC TGTGGACAGA TCACTGAGT. 
Goat GG.ACCCAGT T.CACCAGAC GACTCAGGGT CCTGCTGACA GCTCACCAA. 
Pig GG.ACCCAGC T.CCCCAGAC CACTCAGGGA CCTGTGGACA GCTCACCGG. 
Bovine GG.ACCCAGT T.CACCAGAC GACTCAGGGT CCTGTGGACA GCTCACCAG. 
Ovine GG.ACCCAGT T.CACCAGAC GACTCAGGGT CCTGCTGACA GCTCACCAG. 
Rainbow t r o u t CACCACACTT TCAAGTGAAG TAATCATCCT TGGCAATTAA GAGAAAAAA. 
Salmon CACCGCACTT TCAAGTTAAG TAATCATCCT TGGCAATTAA GAGT.AAAA. 
Common carp TCACAAGCTC TTAACTAAGC CTGCAAGAGT TTGTCTACCC TGAGCG.AA. 
Grass carp TCACAAGCCT TCAACTAAGA CTGTAAGA.• ..ATCTACCC TGAGCG.AA. 
Human .GCA. ATG GCT ACA GGT AAG 
Rat .GGCG ATG GCT GCA GGT AAG 
Goat CTATG ATG GCT GCA GGT AAG 
Pig CTGTG ATG GCT GCA GGC AAG 
Bovine CTATG ATG GCT GCA GGT AAG 
Ovine CTATG ATG GCT GCA GGT AAG 
Rainbow t r o u t ATG GGA CAA GGT AAA 
Salmon ATG GGA CAA GGT AAG 
Common carp ATG GCT AGA GGT ATG 
Grass carp ATG GCT AGA GGT ATG 
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4.2 Amino acid comparisons between grass carp GH and other 
organisms 
The amino acid composition of the preGH of a number of animals such as 
human (Chen et al.,1989), rat (Barta et al.,1981), mouse (Linzer and Talamantes, 
1985)，red fox (Li et al., 1989), elephant (Hulmes et al.,1989), pig (Vize and Wells, 
1987), sheep (Yamano et al., 1988)，bovine (Miller et al., 1980)，turkey (Foster et 
al., 1990)，chick (Lamb et al., 1988), duck (Chen et al” 1988)，frog (Martens et al., 
1989) and teleosts such as bluefin tuna (Sato et al., 1988)，skipjack tuna (Noso et al., 
1988)，red sea bream (Momota et al., 1988)，Japanese eel (Saito et al., 1988), nile 
tilapia (Rentier-Delrue et al., 1989), flounder (Momota et al., 1988), atlantic salmon 
(Lorens et al., 1989)，coho salmon (Gonzalez-Villasenor et al., 1988), chum salmon 
(Sekine et al., 1985), rainbow trout (Agellon and Chen, 1986) and common carp 
(Chao et al., 1989)) was compared with that of grass carp (Table 4.1). GH is 
characterized by a high leucine content (about 15%). In teleost, the second most 
abundant amino acid is serine and they possess a single tryptophan residue. In 
mammals, either serine or alanine is the second most abundant and there are 2 or 3 
tryptophan residues. The total amino acid residues vary between 190 and 217 and 
the molecular weight is between 21 kD and 25 kD. All of the GH precursor contain 
5 cysteine residue, except the chick and duck which contain only 4. 
The % homology of the grass carp GH amino acid sequences with, other 
organisms decreases from teleosts to mammals. The amino acid sequence of the 
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grass carp GH have the highest degree of homology with the common carp GH and 
the lowest degree of homology with human GH. 
Figure 4.2 shows an alignment of the amino acid sequences of the organisms 
surveyed. The GH protein consists of two disulphide bridges; one is formed between 
the cysteine residues at about position 70 and position 200，and the other one is 
formed between the two cysteine residues at the carboxyl terminal. It was observed 
that the 4 cysteine residues responsible for the formation of the 2 disulphide bridges 
are located in relatively conserved positions. Further analysis of the GH protein of 
the different species was carried out by grouping the amino acid sequences of rat, 
mouse, fox, elephant, pig, sheep and bovine as animals; that of turkey, chick and 
duck as avians; that of bluefin tuna, skipjack tuna, red sea bream, tilapia and 
flounder as tunas and atlantic salmon, coho salmon, chum salmon and rainbow trout 
as salmons. A consensus amino acid sequences of each group was determined by 
the relative abundance of the amino acid residues at a specific position. Amino acid 
residues with the highest frequency of occurrence at a specific position was regarded 
as the consensus residue at that specific position. 
Alignment of the GH amino acid sequences of teleosts is shown in Fig. 4.3 
and alignment of the GH amino acid sequences of different groups of organisms is 
shown in Fig. 4.4. The GH amino acid sequences are highly conserved among the 
teleosts and are less conserved when that of different groups of organisms are 
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compared. However, the 4 cysteine residues responsible for the formation of two 
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j Fig. 4.2 
Alignments of the GH (somatotropin) amino acid sequences of 
different species. The four cysteine residues responsible for the 
formation of two disulphide linkages are shown. All sequences are 
retrieved from the SwissProt databases release 20.0 by the sequence 
analysis software GCG program version 7.1 (3/92). 
I . 1 50 
Human MATGSRTSL. LLAFGLLCLP WLQEGSAFPT IPLSRPFDNA MLRAHRLHQL 
Rat MA2UDSQTPW. LLTFSLLCLL WPQEAGAFPA MPLSSLFANA VLRAQHLHQL 
Mouse MATDSRTSW. LLTVSLLCLL WPQEASAFPA MPLSSLFSNA VLRAQHLHQL 
Red f o x FPAMPLSSL. FANA VLRAQHLHQL 
Elephant FPAMPLSSL • • • • FANA VLRAQHLHQL 
P i g MA.AGPRTSA LLAFALLCLP WTREVGAFPA MPLSSLFANA VLRAQHLHQL 
Sheep MMAAGPRTSL LLAFTLLCLP WTQWGAFPA MSLSGLFANA VLRAQHLHQL 
Bovine MMAAGPRTSL LLAFALLCLP WTQWGAFPA MSLSGLFANA VLRAQHLHQL 
Turkey MAPGSWFSPL LIAWTLG.L PQGAAATFPT MPLSNLFTNA VLRAQHLHLL 
Chick MAPGSWFSPL LIAWTLG.L PQEAAATFPA MPLSNLFANA VLRAQHLHLL 
Duck MAPGSWFSPL FITVITLGLQ WPQEAATFPA MPLSNLFANA VLRAQHLHLL 
Frog • • 
B l u e f i n tuna MDRVFLLLSV ..LSLGVSSQ PITDSQRLFS IAVSRVQHLH LLAQRLFSDF 
Skipjack tuna • • • . . . . Q PITESQRLFS IAVSRVQNLH LLAQRLFSDF 
Red sea bream MDRWLMLSV • .LSLGVSSQ PITDGQRLFS IAVSRVQHLH LLAQRLFSDF 
Japanese e e l MASGFLLWPV LLVSFSVNAV EPISLYNLFT SAVNRAQHLH TLAAEIYKEF 
N i l e t i l a p i a MNSWLLLSV VCLGVSSQQI TDS. .QRLFS IAVNRVTHLH LLAQRLFSDF 
Flounder MNRVILLLSV MCVG..VSSQ PITENQRLFS IAVGRVQYLH LVAKKLFSDF 
A t l a n t i c salmon MGQVFLLMPV LLVSCFLSQG AAMENQRLFN IAVNRVQHLH LMAQKMFNDF 
Coho salmon MGQVFLLMPV LLVSCFLSQG AAIENQRLFN IAVSRVQHLH LLAQKMFNDF 
Chum salmon MGQVFLLMPV LLVSCFLSQG AAIENQRLFN IAVSRVQHLH LLAQKMFNDF 
Rainbow t r o u t 2 MGQVFLLMPV LLVSCFLGQG AAMENQRLFN IAVNRVQHLH LLAQKMFNDF 
Rainbow t r o u t 1 MGQVFLLMPV LLVSCFLSQG AAIENQRLFN IAVSRVQHLH LLAQKMFNDF 
Common carp MARVLVLLSV VLVSLLVNQG RASDNQRLFN NAVIRVQHLH QLAAKMINDF 







Human AFDTYQEFEE AYIPKEQKYS FLQNPQTSLC FSESIPTPSN REETQQKSNL 
Rat AADTYKEFER AYIPEGQRYS 工 Q N A . Q A A F C FSETIPAPTG KEEAQQRTDM 
Mouse AADTYKEFER AYIPEGQRYS IQNA.QAAFC FSETIPAPTG KEEAQQRTDM 
Red f o x AADTYKEFER AYIPEGQRYS IQNA.QAAFC FSETIPAPTG KDEAQQRSDV 
Elephant AADTYKEFER AYIPEGQRYS IQNA.QAAFC FSETIPAPTG KDEAQQRSDV 
P i g AADTYKEFER AYIPEGQRYS IQNA.QAAFC FSETIPAPTG KDEAQQRSDV 
Sheep AADTFKEFER TYIPEGQRYS IQNT.QVAFC FSETIPAPTG KNEAQQKSDL 
Bovine AADTFKEFER TYIPEGQRYS IQNT.QVAFC FSETIPAPTG KNEAQQKSDL 
Turkey AAETYKEFER TYIPEDQRYT NKNS.QAAFC YSETIPAPTG KDDAQQKSDM 
Chick AAETYKEFER TYIPEDQRYT NKNS.QAAFC YSETIPAPTG KDDAQQKSDM 
Duck AAETYKEFER SYIPEDQRHT NKN..SQAFg YSETIPAPTG KDDAQQKSDM 
F r o g F EVSETMPYPT DKDNTHQKSD MELLRFSQTL 
B l u e f i n tuna ESSLQTEEQR QLNKIFLQDF dSDYIISP工 DKHETQRSSV LKLLSISYRL 
Sk ip jack tuna ESSLQTQEQR QLNKIFLQDF C1SDYIISPI DKHETQRSSV LKLLSISYRL 
Red s e a bream ESSLQTEEQL KLNKIFP.DF dSDYIISPI DKHETQRSSV LKLLSISYRL 
Japanese e e l ERSIPPEAHR QLSKTSPLAG C«TSDSIPTPT GKDETQEKSD GYLLRISSAL 
N i l e t i l a p i a ESSLQTEEQR QLNKIFLQDF CjSDYIISPI DKHETQRSSV LKLLSISYGL 
Flounder ENSLQLEDQR LLNKIASKEF CiSDNFLSPI DKHETQGSSV QKLLSVSYRL 
A t l a n t i c salmon EGTLLPDERR QLNKIFLLDF dSDSIVSPI DKLETQKSSV LKLLHISFRL 
Coho salmon DGTLLPDERR QLNKIFLLDF C1SDSIVSPV DKHETQKSSV LKLLHISFRL 
Chum salmon DGTLLPDERR QLNKIFLLDF dSDSIVSPV DKHETQKSSV LKLLHISFRL 
Rainbow t r o u t 2 EGTLLPDERR QLNKIFLLDF dSDSIVSPI DKQETQKSSV LKLLHISFRL 
Rainbow t r o u t 1 DGTLLPDERR QLNKIFLLDF C^SDSIVSPV DKHETQKSSV LKLLHISFRL 
Common carp EDSLLPEERR QLSKIFPLSF dSDYIEAPA GKDETQKSSM LKLLRISFHL 






Human ELLRISLLLI QSWLEPVQFL RSVFANSLVY GASDSNVYDL LKDLEEGIQT 
Rat ELLRFSLLLI QSWLGPVQFL SRIFTNSLMF GTSD.RVYEK LKDLEEGIQA 
Mouse ELLRFSLLLI QSWLGPVQFL SRIFTNSLMF GTSD.RVYEK LKDLEEGIQA 
Red f o x ELLRFSLVLI QSWLGPLQFL SRVFTNSLVF GTSD.RVYEK LKDLEEGIQA 
Elephant ELLRFSLLLI QSWLGPVQFL SRVFTNSLVF GTSD.RVYEK LKDLEEGIQA 
P i g ELLRFSLLLI QSWLGPVQFL SRVFTNSLVF GTSD.RVYEK LKDLEEGIQA 
Sheep ELLRISLLLI QSWLGPLQFL SRVFTNSLVF GTSD.RVYEK LKDLEEGILA 
Bovine ELLRISLLLI QSWLGPLQFL SRVFTNSLVF GTSD.RVYEK LKDLEEGILA 
Turkey ELLRFSLVLI QSWLTPMQYL SKVFTNNLVF GTSD.RVFEK LKDLEEGIQA 
Chick ELPRFSLVLI QSWLTPVQYL SKVFTNNLVF GTSD.RVFEK LKDLEEGIQA 
Duck ELLRFSLVLI QSWLTPVQYL SKVFTNNLVF GTSD.RVFEK LKDLEEGIQA 
Frog IQSWLNPVQA LSKVFSNNLV FG.SSDVYER LKYLEEGIQA LMRELEDG.. 
B l u e f i n tuna VESWEFPSRS LSG G SAPRNQISPK LSELKTGIHL LIRANQDGDE 
Sk ip jack tuna VESWEFPSRS LSG AQRNQISEK LSDLKMGIQL LIRANQDGAE 
Red s e a bream VESWEFPSRS LSG G SAPRNQISPK LSELKMGIHL LIRANEDGAE 
Japanese e e l 工QSWVYPLKT LSDAFSNSLM FGTSDGIFDK LEDLNKGINE LMKWGDGGI 
N i l e t i l a p i a VESWEFPSRS LSGGSS LRNQISPR LSELKTGILL LIRANQDEAE 
Flounder IESWEFFSRF LVA SFA V..RTQVTSK LSELKMGLLK LIEANQDGAG 
A t l a n t i c salmon IESWEYPSQT LT..ISNSLM VRNSNQISEK LSDLKVGINL LIKGSQDGVL 
Coho salmon IESWEYPSQT LI..ISNSLL VGNANQISEK LSDLKVGINL LIMGSQDGLL 
Chum salmon IESWEYPSQT LI..ISNSLM VRNANQISEK LSDLKVGINL LITGSQDGVL 
Rainbow t r o u t 2 IESWEYPSQT LT..ISNSLM VRNSNQISEK LSDLKVGINL LISGSQDGVL 
Rainbow t r o u t 1 IESWEYPSQT LI..ISNSLM VRNANQISEK LSDLKVGINL LITGSQDGVL 
Common carp IESWEFPSQS LSGTVSNSLT VGNPNQLTEK LADLKMGISV LIQACLDGQP 





Human LMGRLEDGSP RTGQ I FKQTYSKFDT NSHNDDALLK NYGLLyEVrK 
Rat LMQELEDGSP RIGQ I LKQTYDKFDA NMRSDDALLK NYGLLS C ？'KK 
Mouse LMQELEDGSP RVGQ I LKQTYDKFDA NMRSDDALLK NYGLLS C ?KK 
Red f o x LMRELEDGSP RAGQ I LKQTYDKFDT NLRSDDALLK NYGLLS C ？'KK 
Elephant LMRELEDGSP RPGQ V LKQTYDKFDT NMRSDDALLK NYGLLSC rKK 
Pig LMRELEDGSP RAGQ I LKQTYDKFDT NLRSDDALLK NYGLLS C ？KK 
Sheep LMKELEDVTP RAGQ I LKQTYDKFDT NMRSDDALLK NYGLLS C ?RK 
Bovine LMRELEDGTP RAGQ I LKQTYDKFDT NMRSDDALLK NYGLLS C ?RK 
Turkey LMRE.LEDRS PRGPQ L LRPTYDRFDI HLRSEDALLK NYGLLSC?KK 
Chick LMRE.LEDRS PRGPQ.,..L LRPTYDKFDI HLRNEDALLK NYGLLSC?KK 
Duck LMRE.LEDRS PRGPQ L LKPTYDKFDI HLRNEDALLK NYGLLSEFKK 
Frog . SFRSFPVLR PLYERFDINL RSDEALVKVY GLLS&KKDM HKVETYLKVM 
B l u e f i n tuna MFADSSALQL APYGNYYQSL GADESLRRSY ELL^ CTKKDM HKVETYLTVA 
Skipjack tuna MFADSSALQL APYGNYYQSL GGDESLRRNY ELLACTKKDM HKVETYLMVA 
Red sea bream IFPDSSALQL APYGNYYQSL GADESLRRTY ELL^C ?KKDM HKVETYLTVA 
Japanese e e l YIEDVRNL.. .RYENFDVHL RNDAGLMKNY GLLACTKKDM HKVETYLKVT 
N i l e t i l a p i a NYPDTDTLQH APYGNYYQSL GGNESLRQTY ELLi^ C ?KKDM HKVETYLTVA 
Flounder GFSESSVLQL TPYGN S ELFACrKKDM HKVETYLTVA 
A t l a n t i c salmon SLDDNDSQQL PPYGNYYQNL GGDGNVRRNY ELLAC ?KKDM HKVETYLTVA 
Coho salmon SLDDNDSQQL PRYGNYYQNP GGDGNVRRNY ELLACTKKDM HKVETYLTVA 
Chum salmon SLDDNDSQQL PPYGNYYQNL GGDGNVRRNY ELLi^ C ?KKDM HKVETYLTVA 
Rainbow t r o u t 2 SLDDNDSQHL PPYGNYYQNL GGDGNVRRNY ELLAC?KKDM HKVETYLTVA 
Rainbow t r o u t 1 SLDDNDSQQL PPYGNYYQNL GGDGNVRRNY ELLAC ?KKDM HKVETYLTVA 
Common carp NMDDNDSLPL .PFEDFYLTM .GENNLRESF RLL^ CTKKDM HKVETYLRVA 
Grass carp NMDDNDSLPL .PFEDFYLTM .GESSLRESF RLL姑KKDM HKVETYLRVA 




Human D M D K V E T F L R 工VQ|E].RSVEG S E B F 
Rat DLHKAETYLR VMKCRRFAES SC^F 
Mouse DLHKAETYLR VMKCRRFVES SCM1 
Red f o x D L H K A E T Y L R V M K C R R F V E S SZhF 
Elephant D L H K A E T Y L R V M K C R R F V E S S C ^ F 
P i g D L H K A E T Y L R V M K C R R F V E S S C ^ F 
Sheep D L H K T E T Y L R , VMK C RRF G EA SChF 
Bovine DLHKTETYLR VMKCRRFGEA SCAF 
Turkey DLHKVETYLK VMKCRRFGES NCNI 
Chick DLHKVETYLK VMKCRRFGES NCri 
Duck DLHKVETYLK VMKjCpRFGES NCri 
Frog K|5^ RFVESN冃 TI 
B l u e f i n tuna K C R L S P E A N C T L 
Skipjack tuna K C R L S P E A N C T L 
Red sea bream K C R L S P E A N C T L 
Japanese e e l K C R R F V E S N C T L 
N i l e t i l a p i a K C R L S P E A N C T L 
Flounder K C R L F P E A N C T L 
A t l a n t i c salmon K C R K S L E A N C T L 
Coho salmon K C R K S L E A N C T L 
Chum salmon K C R K S L E A N C T L 
Rainbow t r o u t 2 K C R K Y L E A N C T L 
Rainbow t r o u t 1 K C R K S L E A N C T L 
Common carp N C R R S L D S N C T L . 




Alignment of the GH amino acid sequences of 
teleosts. Amino acid residues with 100% identity are 
boxed. 
1 - 50 
T u n a s p ^ R V V l E t ^ . .iTstGVSSQ P 工 种 j A v k R V Q H L H lEAbRLFsES7 
S a l m o n s M 3 Q V F 牲 利 LLVS :FLSQG AAIE^2RLF^ 3AVSRVQHLH ILA2KMFNDF 
Grass carp [^RALVyL创 VL秘LVNQG TAS^Jg^Fp tlAVpfevQHLH 
C o n s e n s u s M.RV.LLLSV .LVSL.VSQG .A.ENQRLFN IAVSRVQHLH LLAQKMFNDF 
5 1 _ _ 100 
Tunas ESsEbTESSl QI^ KIFCiQC^ ]|CNSD[<![i|ES(i]l： ^EtqIrIssV |LKLLfe(lsh!SL 
S a l m o n s DG1LQPCERR QLSKIFLIiCF CNSDBI^SPV CK33TQKSS7 LKLL3ISFRL 
Grass carp EDKLLPEg^[Qljsgg^jpLs||J|CNSD3ipijpjp qKppTQ^SSyi LKLLRISFRL 
C o n s e n s u s E..LLPEERR QLNKIELLDF CNSDS工.SP. DKHETQKSSV LKLL.ISFRL 
101 150 
Tunas VESWEFPStlS [E^G G SAPElNQlfeFE][l|S£EkMgi|gL [LlkANdDGkE 
S a l m o n s IESWEXPSDT LC. .ISNSLM VRNANQI3e|k L^^LK^G工瓜 LirGSCDGTL 
Grass carp IgSWEplPSpT [LfGAVSNSLT VGNFNQI PEgJ GISV LIKGCIDG2P 
C o n s e n s u s IESWEFPSQT LSG. .SNSL. V.N.NQISEK LSDLKVGI.L L I . G . Q D G " 
151 200 
T u n a s MFADSSALdci] APYGNYYQSL dGfc>ESl[RkTY ElLLACFKKDM InKVETYrJllvA 
S a l m o n s SLCD^DSQaL PPYGNYYQNL GGDGN\RRNY ELLACFKKDM HKVETYI1VA 
G r a s s c a r p NMc|d|mDS . U PLPFEDFYLT J^GJSSSIR3SF BLLACFKKDM HKVETYIRVA 
C o n s e n s u s ..DDNDS.QL PPYGNYYQ.L GGD.SLRR.. ELLACFKKDM HKVETYLTVA 
201 212 
Tunas ldci]dsjPEi^pc| [tl 
S a l m o n s ECRKSCiEi^ NC TL 
Grass carp KCRR|sJCiD£NC TL. 




Alignment of the GH amino acid sequences of 
different organisms. Amino acid residues with 100% identity 
are boxed. 
1 50 
Human MATGSRTSL. LLAFGLLCLP WLQEGSAFPT IPLSRPFDNA ML11AHRLI1QL 
Animals MAAAGPRTS. LLAFALLCLP WTQEVGAFPA MPLSSLFANA VLRAQHLHQL 
Avians MAPGSWFSPL LIAWTLG.L PQQ2UUVTFPA MPLSNLFANA VLRAQHLHLL 
F r o g 、•瞧 
F i s h e s MA.. . .RVLL LLSWLVSLL VSQ •…GTA SENQRLFNIA VSRVQHLHLL 
Consensus MA.GS.RSLL LLA.VLLCL. W.QE..AFPA MPLSRLFANA VLRAQHLH.L 
51 100 
Human AFDTYQEFEE AYIPKEQKYS FLQNPQTSl|c| F§}SSIP1PSN R12ETQQK卧L 
Animals AADTYKEFER AYIPEGQRYS IQNA.QAABC FBpTIP^PrG KDEAQQRppL 
Avians AAETYKEFER TYIPEDQRYT NKNS.QAAEC YppTIP^PTG KDDAQQKBpM 
Frog dc YBETMPYPrD KDNTHQKppM 
F i s h e s AQKMFNDFED NLLPEERRQL NKIFLLD .也啦SIES r^D KHETOKSgyL 
Consensus AADTYKEFER AYIPEEQRYS NKN,.QA.FC .SETIPAPT. KDETQQKSDL 
101 150 
Human EjLLRHslLlLi Qp^dpMQbE] RSVF种卧父 I g K S D S N V Y D L LXdDsriGjlQT 
Animals ELLRFSGILI QSWCiGPVQEL SRVFdNppJ/F GTSD.RVYEK LKCLSEGXQA 
Avians ELLRFSLVLI QSWLIPVQ L^ SKVFdNNpJ/F GPSD.RVFEK LKCLSEGIQA 
Frog ELLRFSQTLI QSWLNPVQ^ L SKVFaNNLj/F G. .SSDVYER Li^ ^LSIGIQA 
F i s h e s igLLRfflSFPlLlJ £ ^ ¾ ¾ % ] SGAVS^JrV [g.NPNQISEK ⑷扯烛曰： 
Consensus ELLRFSLLLI QSWL.PVQFL SKVF.NSLVF G.SD.RVYEK LKDLEEGXQA 
151 200 
Human EkGRLEjobsP RTGQ …IFK Q种KFDTNS HNDD种KNY G^yEi^RDk 
Animals IMRELED3SP RAGQ...ILK Q种KFDTNM RSDD^ LGKNY GLLSCFKDL 
Avians I M H E L E D R S P R G P Q . . . L L R pdYDKFDIHL RNED^LGKNY GCjLS2F.<KDD 
Frog IMRELED3SF RSFP…VLR PmERFDINL RSDE^L^KVY GDLS3F<[<D^ 
F i s h e s giKGCqopQP NMDDNDSQQL PqYjSNYYQLL GGDS£|l)i^RSP E GL 
Consensus LMRELEDGSP R.GQ. . . IL. PTYDKFD.NL R.DDALLKNY GLliSCFKKDM 
2 0 1 222 
Human Df<|vE|rEEkxv 羽仲种Sp] GF 
Animals HKftErYL汉VM K:磁VESSC AF 
Avians HKVETYLKVM ORFCESNC TI 
Frog HKVETVLiCVM KURFVESNC TI 
F i s h e s K b J 4 | s i f e M d TL 
Consensus HKVETYL.VM KCRRFVESNC T. 
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4.3 Tissue-specific expression of GH gene 
Activation of transcripti'nn 
Transcriptional activation of eukaryotic genes is a two-step process that 
requires 1) the decondensation of the tightly packed inactive chromatin and 2) the 
interaction of regulatory proteins with specific DNA sequences. In the inactive state, 
most genes are held in a tightly packed array by histone HI forming the chromatin 
structure. Before transcription, the transcriptional control sequences must be made 
available to the regulatory proteins. The mechanism by which decondensation of 
chromatin occur is not clear. However, it is suggested that specific DNA sequences 
are required to attach to the nucleoskeleton to establish loops of active or inactive 
chromatin (Goodbourn et al 1990). Loops of chromosomal DNA 30-100 kb are 
attached to a，scaffold’ structure along the chromosomal axis. The attachment site 
display specific DNA-protein interaction is known as the scaffold attachment regions 
(SARs). Chromatin loops separated by SARs exhibit different patterns of regulation 
but genes within the same loop exhibit similar pattern of regulation. Therefore, SAR 
may enhance the decondensation of inactive chromatin by the segregation of 
chromatins into loops. 
With the availability of the control sequences, transcription factors or 
trans-activating factors can recognize the sequence and activate transcription. As 
suggested by Karin et al. (1990), binding of tissue-specific transcription factors 
(GHFl) open up the promoter structure of the GH gene and stimulate basal 
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transcription. In the presence of other ubiquitous transcription factors (CREB, 
GRE), the transcriptional level is further enhanced. In our study, after transfection 
into GH1 cells, pGHCAT and pll5GHCAT conferred the strongest and weakest 
CAT activity, respectively. The percentage of CAT conversion decreased with the 
decreasing length of the 5，-flanking region of the grass carp GH gene in the deletion 
mutants. This observation may be explained by the assumption that progressive 
deletion of the 5'-flanking region of the grass carp GH gene gradually removes 
putative regulatory elements which originally responded to serum factors or 
endogenous factors of the cell lines. 
Repression of transcription 
There are a number of ways by which repression can be induced by 
transcription factors; for example by direct repression, competition for binding, 
squelching or quenching (Latchman, 1990). ‘； 
In direct repression, the transcription factor may inhibit transcription via 
specific DNA binding and through a discrete domain that mediate inactivation. In 
another mechanism, a negative factor may compete with a positively acting factor 
for a specific-DNA sequence. After binding with the negative factor, gene 
expression is inhibited. Squelching do not involve DNA binding and refers to the 
binding of a strong transcription factor to a general transcription factor which 
become unavailable for DNA binding. Squelching occurs when a certain gene 
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Ocontain no site for the binding of a strong transcription factor but do contain 
binding sites for a general transcription factor. In addition to DNA binding 
inhibition, a negative factor may act by interfering with the activation domain with 
an already bound transcription factor. This is known as quenching. 
The result of our study on the promoter region of the grass carp GH gene in 
Cos-7 cells indicated that some positively- and negatively- acting elements reside 
within the 5'-flanking region. Based on these data, it is unclear what mechanism of 
repression is responsible. Additional experiments such as gel mobility shift assay 
and footprinting assay should be performed to determine the exact location of the 
negative element and the nature of the proteins that interact with such sequence. 
Test of the transcriptional activity of the 5'-flanking region of the GH gene 
in non-pituitary cells has been a controversial problem. Larsen et al. have 
transfected 5'-deleted or internally deleted rGH promoter-CAT constructs into mouse 
fibroblast (LTK'), monkey kidney cell (CV-1) and pituitary, cell line (GC). 
Expression of some of the deletion mutants was observed in transfected non-pituitary 
but not in pituitary cell lines. Based on this finding, they hypothesized the presence 
of a tissue-specific repressor elements within the rGH promoter. Pan et al. (1990) 
have also examined the rGH promoter. However, their results were different from 
that of Larsen et al (1986). Pan et al. reported that the deletion mutants are 
transcriptionally inactive in any of the non-pituitary cell lines tested (e.g. HepG2). 
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They suggested that it is due to the absence of the tissue-specific transcription factor 
GHF1 m non-pituitary cells. 
It is noteworthy that Larsen et al. and Pan et al. used different types of 
non-pituitary cell lines for transfection. The apparent discrepancies may be due to 
the existence of different mechanisms of GH repression in non-pituitary cell lines. 
In other words, existence of repressor elements is necessary for the repression of GH 
expression in monkey kidney cells whereas the absence of tissue-specific 
transcription factor GHF1 is responsible for the repression of GH gene in human 
hepatoma cells. 
In our study, some of the deletion mutants of the 5,-flanking region of the 
grass carp growth hormone gene was transcriptionally active in Cos-7 cells whereas 
all of the deletion mutants were inactive in HepG2 or FSF cells. Thus, our results 
is similar to that of Larsen et al. and Pan et al. and our suggestion that there exists 
different mechanism of repression of GH expression is further strengthened. 
4.4 Electroporation of zebrafish eggs 
Introduction of exogenous DNA sequence into embryos to study 
developmental and tissue-specific gene expression have been widely used in the past 
few years. The organisms used include Drosophila (Martin et al., 1986), 





urchins (Flytzanis et al., 1985). Recently, the small fish Medaka (Oryzias latipes) 
(Winkler et al., 1991; Inoue et al., 1990; Chong et al., 1989) and zebrafish 
(及 rerio) (Stuart et al., 1988; Stuart et al., 1990) are more extensively used as a 
model to study gene expression. Medaka and zebrafish are advantageous over the 
lab mouse because 1) their development is speedy; 2) eggs are shed year round and 
in large quantity; 3) the embryos are transparent and developmental progress can be 
observed in non-sterile conditions under the microscope. 
Attempts have been made to use the zebrafish egg as an in vivo expression 
system for transfected DNA. Circular plasmid DNA was transiently transfected into 
zebrafish eggs by electroporation. The plasmid having the whole length promoter, 
pGHCAT and the shortest promoter have been used in the electroporation 
experiments. However, no CAT expression was observed after 0, 8 or 24 hours 
post-fertilization.— These time intervals were used because it was reported that 
injected DNA is replicated to the greatest amount during the gastrula stage (i.e. 
5-10 hours post-fertilization) and is degraded gradually after the gastrula stage (i.e. 
the neurula stage) (Chong et al., 1989). pRSVCAT which was shown to express in 
carp and Xiphophorus cell lines (Friedenreich et al., 88), also did not show any CAT 
activity after transfection. 
A fertilized zebrafish egg possesses a chorion in the outermost layer. The 
chorion serves as a selectively permeable membrane that allows water and electrolyte 
to penetrate into the perivitelline space. The chorion also serves as a protective 
I]；' 158 
‘ 
I 丨 . 
Discussions 
membrane. The egg is surrounded by the vitelline membrane, perivitelline space and 
the chorion. During electroporation, the plasmid DNA must pass through all of 
thwe barriers before they can enter the egg cytoplasm to be transcribed. Thus, 
under these constraints, it is not surprising that only a small amount of foreign DNA 
is expected to reach the cytoplasm of the embryo. 
Another possibility that no CAT expression was observed in our experiment 
is that the plasmid DNA can enter the egg cytoplasm and segregates between the 
dividing cells but the embryonic somatotrophs are not yet mature and therefore 
cannot produce GH because of the absence of tissue-specific transcription factors. 
However, this possibility seems to be unlikely because the plasmid pRSVACT which 
carries the RSV (Rous sarcoma virus) promoter was also inactive after 
electroporation into zebrafish embryos. 
In rat, GH is first produced on embryonic day 15-16 which corresponds to 
embryonic stage 35 of development (Witschi et al., 1956) and rat is given birth on 
embryonic day 22 (stage 36). However, the time interval selected, 8 and 24 hours 
post-fertilization refers to stage 13 and stage 20 respectively (Hisoaka et al., 1958) 
and hatching of zebrafish occurs at stage 25. 
Based on the above data, it should be noted that the onset of gene expression 
during development also affects the choice between transient or stable transfection. 
In the beginning of this study, GH expression is assumed to occur immediately after 
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fertilization and transient transfection was therefore employed to study the control 
elements of the grass carp GH promoter. It is now clear that the assumption is 
. 
incorrect since GH gene is expressed later in the embryonic stage just preceding 
I .¾ 
before birth. Thus, in contrast to transient transfection, stable transfection must be 
used for the study of the transcriptional regulation of GH gene in transgenic animals. 
One example is the stable transfection of a chimeric construct, which contains rGH 
promoter and human GH gene coding sequences, into mouse embryos 
(Lira et al, 1988). 
4.5 Further studies 
In this study, the 5'-flanking region of the grass carp GH gene was analyzed 
by sequence comparison and functional studies. Although a number of elements 
were identified by sequence comparison, the results of our functional studies were 
only preliminary. It is still uncertain about what control elements exists in the grass 
carp GH gene 5'-flanking region. 
Functional study on the 5'-flanking region by deletion and functional analysis 
are necessary for the determination of the exact positions of the control elements. 
In addition to the 5'-nested deletion experiment performed in our study, functional 
analysis can also be carried out by 3,-nested deletion, internal deletion or sequential 
substitution mutation experiments. Tissue-specific activating elements or 
tissue-specific repressing elements can be located by transfection of mutants into 
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pituitary cell lines and non-pituitary cell lines. Mutants that are active in pituitary 
cell lines but not in non-pituitary cell lines may carry tissue-specific activating 
elements and/or tissue-specific repressing elements. Putative control elements can 
be analyzed by the gel mobility shift assay. If tissue-specific activating element(s) 
exists, a retarded band will be observed when pituitary cell extract are used for the 
assay. On the other hand, if tissue-specific repressing element(s) exist, a retarded 
band will be observed when non-pituitary cell extract are used for the assay. In 
addition, the location of the control elements can be determined more precisely by 
DNA footprinting assay. 
The presence of tissue-specific control elements (activating or repressing) can 
be further confirmed by the removal of such sequences. Removal of tissue-specific 
activating element(s) inhibit CAT activity of the mutant in pituitary and non-pituitary 
cell lines whereas removal of tissue-specific repressing element(s) enhance GAT 
activity of the mutant in pituitary and non-pituitary cell lines. 
The functional significance of the grass carp GH promoter control elements 
can be more readily explored using fish cell lines. The use of fish cell lines 
eliminates species incompatibility between transcription factors and control elements. 
In addition, stable transfection of the GH promoter CAT construct into fish 
embryos allows the study of the temporal and spatial regulation of the grass carp GH 
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